The great cyclothem northern England by Hodge, Brian Leslie
Durham E-Theses
The great cyclothem northern England
Hodge, Brian Leslie
How to cite:
Hodge, Brian Leslie (1965) The great cyclothem northern England, Durham theses, Durham University.
Available at Durham E-Theses Online: http://etheses.dur.ac.uk/9000/
Use policy
The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-proﬁt purposes provided that:
• a full bibliographic reference is made to the original source
• a link is made to the metadata record in Durham E-Theses
• the full-text is not changed in any way
The full-text must not be sold in any format or medium without the formal permission of the copyright holders.
Please consult the full Durham E-Theses policy for further details.
Academic Support Oﬃce, Durham University, University Oﬃce, Old Elvet, Durham DH1 3HP
e-mail: e-theses.admin@dur.ac.uk Tel: +44 0191 334 6107
http://etheses.dur.ac.uk
T H E G R E A T C T C L O T H E M 
0 F 
N O R T H E R N E N G L A N D 
by 
B r i a n L e s l i e Hodge, B.Sc, F.G.S., A.M.I.M.M. 
A.THESIS PRESENTED IN CANDIDATURE FOR THE DEGREE OF 
DOCTOR OF PHILOSOPHY I N THE UNIVERSITY OF DURHAM. 
Jsuiuary, I965 
2 3 A?R 1965 
F r o n t i s p i e c e . A s a n d s t o n e - f i l l e d s u b s i d i a r y washout-channel above the 
Great Limestone t r u n c a t i n g the Low and High Coal S i l l sheet 
sandstones, but with the High Coal S i l l c o a l continuous above 
i t ; Rogerley Quarry, Weardale. 
ABSTRACT 
The Great Cyclothem i s comprised o f the Great Limestone and e q u i v -
a l e n t s a t t h e base, i t s upper p a r t b e i n g formed by t h e Coal S i l l s Group 
and e q u i v a l e n t s which i m m e d i a t e l y o v e r l i e the l i m e s t o n e . The d e t a i l e d 
v a r i a t i o n s i n t h i s t h i n b u t w i d e l y p e r s i s t e n t group o f s t r a t a i n i t s 
6,500 square m i l e s sirea o f development i n Nor t h e r n England are con-
s i d e r e d and e v a l u a t e d p r i m a r i l y i n o r d e r t o assess t h e c o n d i t i o n s o f 
d e p o s i t i o n , sedimentary h i s t o r y and palaeogeography o f the r e g i o n 
d u r i n g f o r m a t i o n o f the cyclothem;. 
C r i t i c a l p a l a e o n t o l o g i c a l evidence i s presented t o show t h a t t h e 
cy c l o t h e m l i e s a t t h e v e r y base o f the Upper Ca r b o n i f e r o u s succession o f 
N o r t h e r n England, the base o f the Great Limestone and e q u i v a l e n t s b e i n g 
t a k e n as t h e Vis^an-Namurian j u n c t i o n , 
A d e t a i l e d s t r a t i g r a p h i c a l and p a l a e o n t o l o g i c a l c o n s i d e r a t i o n o f 
the Great Limestone and e q u i v a l e n t s i s made. Separate d e t a i l e d s t u d i e s 
are a l s o p r e s e n t e d o f t h e s t r a t i g r a p h y , p e t r o l o g y , sedimentary s t r u c t u r e s 
and p a l a e o n t o l o g y o f the o v e r l y i n g Coal S i l l s Group and e q u i v a l e n t s , 
these beds c o n s i s t i n g o f a l t e r n a t i n g s h a l e s , sandstones and c o a l s w i t h 
t h i n l e n t i c u l a r marine bsinds and a r e s t r i c t e d c h e r t development. 
An a n a l y s i s o f the above i n f o r m a t i o n i s made and i t i s p o s t u l a t e d 
t h a t t h e cyclothem's b a s a l l i m e s t o n e was l a i d down i n a widespread s h a l -
l ow c l e a r sea, the sea b e i n g e v e n t u a l l y encroached upon by d e l t a i c s e d i -
ments c o n s i s t i n g e s s e n t i a l l y o f m a t e r i a l now r e p r e s e n t e d by the s h a l e s , 
sandstones and c o a l s . The d e l t a i c c o n d i t i o n s b u i l t o ut from l a n d t o the 
n o r t h and n o r t h - w e s t , t h e sediment source c o n s i s t i n g p r e d o m i n a n t l y o f pre-
e x i s t i n g sediments. Evidence e x i s t s t o show t h a t the d e l t a i c c o n d i t i o n s 
were s u b j e c t t o l o c a l and r e g i o n a l r e g r e s s i o n s d u r i n g f o r m a t i o n o f the 
cyc l o t h e m , t h u s g i v i n g r i s e t o the l a t t e r ' s composite n a t u r e , each sheet 
sandstone w i t h i t s o v e r l y i n g c o a l seam r e p r e s e n t i n g t h e f i n a l stage i n 
each phase o f d e l t a b u i l d i n g . The c o n t r o l which the t r o u g h and b l o c k f e a -
t u r e s o f N o r t h e r n England e x e r c i s e d upon the o v e r a l l t h i c k n e s s o f t e r r i g -
enous sediments d e p o s i t e d i s c l e a r l y i l l u s t r a t e d and the complete wedging 
o u t o f t e r r i g e n o u s sediments t o the south-east i s demonstrated. I n the 
d e l t a i c sediments the courses o f prominent i n f i l l e d r i v e r cheinnels occu-
p y i n g washouts have been d e l i m i t e d . The r e s t r i c t e d f o r m a t i o n o f c h e r t 
i s r e l a t e d t o the d e p o s i t i o n o f p r i m a r y c o l l o i d a l s i l i c a under marine 
c o n d i t i o n s , t h e r e q u i r e d s i l i c a - r i c h waters h a v i n g been f e d i n t o t h e 
s p e c i f i c area by a contemporaneous r i v e r "channel" whose course i s d e l -
i m i t e d . 
The mechanism which c o n t r o l l e d the f o r m a t i o n o f t h e r h y t h m i c sequence 
o f t h e cyclothem i s d i s c u s s e d , and i t i s concluded t h a t the major r o l e was 
p l a y e d by t e c t o n i c a c t i v i t y which i n v o l v e d u p l i f t i n t h e source area f o l l -
owed by e r o s i o n t o base l e v e l , v / i t h complementary d i a s t r o p h i c subsidence 
i n t h e area, o f d e p o s i t i o n ; the r h y t h m i c t e c t o n i c a c t i v i t y i s r e l a t e d t o 
the p u l s a t i n g movements o f the Sudetic p e r i o d which h e r a l d e d the Hercynian 
orogeny. 
I n an appendix the widespread and marked d e v o l a t i l i z a t i o n o f the c o a l 
seams on t h e A l s t o n Block i s discussed and t e n t a t i v e l y r e l a t e d t o g r e a t e r 
t h a n normal h e a t - f l o w from t h e p r e - C a r b o n i f e r o u s "Weardale g r a n i t e " . The 
f i r s t r e c o r d e d occurrence i n Great B r i t a i n o f o v o i d a l bodies c a l l e d n i g g e r -
heads i s r e p o r t e d from these heat a f f e c t e d cosils. 
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CHAPTER I 
INTRODUCTION 
GENERAL 
The purpose o f the i n v e s t i g a t i o n t o be recorded here was t o t r a c e 
and e v a l u a t e the d e t a i l e d v a r i a t i o n s i n a t h i n b u t w i d e l y p e r s i s t e n t 
group o f s t r a t a known as the Great Cyclothem. Evidence w i l l be presented 
t o show t h a t t h i s group l i e s a t the v e r y base o f the Upper C a r b o n i f e r o u s 
s u c c e s s i o n o f N o r t h e r n England. A l t h o u g h t h e whole group never exceeds 
286 f e e t i n t h i c k n e s s , i t embraces c a l c a r e o u s , a r g i l l a c e o u s , arenaceous, 
s i l i c e o u s and carbonaceous s t r a t a , t h u s r e c o r d i n g a marked v a r i e t y o f 
environments o f s e d i m e n t a t i o n . I t forms one r e c o g n i z a b l e u n i t i n t h e 
g r e a t r h y t h m i c sequence o f the Yoredale S e r i e s , and as a complete u n i t , 
t h e group may a p t l y be d e s c r i b e d as a composite cyclothem, w i t h i n the 
terms o f t h e o r i g i n a l d e f i n i t i o n by Wanless and W e l l e r (1932) . 
The cyclothem as a whole i s b e s t developed w i t h i n trie s t r u c t u r a l u n i t 
o r i g i n a l l y d e f i n e d by Marr (1921) as t h e Northumbrian F a u l t - B l o c k ( F i g . 2 ) ; 
t h a t i s , w i t h i n the area now r e c o g n i z e d as the n o r t h e r n d i v i s i o n o f t h e 
Pennine r i d g e . Two s u b - u n i t s have been d e f i n e d w i t h i n t h e Northumbrian 
F a u l t - B l o c k , namely, the A l s t o n B l o c k ( T r o t t e r and H o l l i n g w o r t h , 1928) , 
e x t e n d i n g from t h e Roman W a l l c o u n t r y southwards- t o t h e Cotherstone 
( s t a i n m o r e ) S y n c l i n e , and the A s k r i g g B l o c k (Hudson, 1938) , c o v e r i n g the 
ar e a from Cotherstone southward t o the Craven D i s t r i c t . I n a d d i t i o n t o 
th e development on t h e Northumbriein F a u l t - B l o c k , t h e cyclothem i s r e p r e s -
ented i n o t h e r p a r t s o f N o r t h e r n England as s p e c i f i e d i n the s e c t i o n 
below p e r t a i n i n g t o the r e g i o n a l d i s t r i b u t i o n . 
I n naming the cyclothem a f t e r t h e l i m e s t o n e which forms i t s b a s a l 
member, t h e p r a c t i c e e s t a b l i s h e d by Dunham (1950) and l a t e r used by o t h e r 
w o r k e r s i s f o l l o w e d . Some d i f f i c u l t y a r i s e s here, however, s i n c e t h e 
b a s a l l i m e s t o n e i s known by d i f f e r e n t names i n th e v a r i o u s r e g i o n s o f 
N o r t h e r n England where t h e cyclothem o r i t s e q u i v a l e n t i s developed. Never-
t h e l e s s , i t may reaso n a b l y be co n s i d e r e d t h a t the type l o c a l i t y o f the 
l i m e s t o n e i s on the A l s t o n B l o c k and more s p e c i f i c a l l y on A l s t o n Moor, near 
t h e mountain o f Cross F e l l i n Cumberland, Throughout the A l s t o n B l o c k the 
name Great Limestone i s used, t h i s name prob a b l y h a v i n g been e r e c t e d by 
th e l e a d m i n e r s o f t h e N o r t h e r n Pennines many c e n t u r i e s ago, a l t h o u g h i t s 
e a r l i e s t p u b l i c a t i o n as p a r t o f a complete sequence f o r t h e C a r b o n i f e r o u s 
"Lead Measures" was by We s t g a r t h F o r s t e r (1809) , However, as i n d i c a t e d 
above, under d i f f e r e n t names t h e l i m e s t o n e runs w i t h a f a i r amount o f 
t h i c k n e s s v a r i a t i o n b u t a re a s o n a b l y u n i f o r m l i t h o l o g y t h r oughout many 
p a r t s o f N o r t h e r n England, and e s p e c i a l l y t h r o u g h t h e d a l e s o f the N o r t h -
e r n Pennines. For i n s t a n c e , on the As l c r i g g Block i n North-west Y o r k s h i r e 
i t i s known as t h e Main Limestone, t h i s neune h a v i n g been f i r s t p u b l i s h e d 
by John P h i l l i p s (1836) , and p r o b a b l y i t t o o was d e r i v e d from t h e l o c a l 
l e a d m i n i n g i n d u s t r y . I n a d d i t i o n , i n the o t h e r r e g i o n s where i t i s d e v e l -
oped the l i m e s t o n e has d i f f e r e n t names which x d . l l be mentioned l a t e r i n the 
p e r t i n e n t c h a p t e r . N e v e r t h e l e s s , f o r t h e p r e s e n t purpose, and p a r t i c u l a r l y 
because the b a s a l l i m e s t o n e i s known as the Great a t what may be regarded 
as i t s t y p e l o c a l i t y , t h e cyclothem w i l l be d e s c r i b e d as the Great Cyclothem 
t h r o u g h o u t N o r t h e r n England. 
Above t h e b a s a l l i m e s t o n e are t h e e a s e n t i s i l l y non-ceO-careous measures 
o f t h e cycl o t h e m . Over much o f the area t o be co n s i d e r e d i n d e t a i l , these 
c o n s i s t o f s h a l e s , sandstones and c o a l s , the t h i n marine beinds which are 
l o c a l l y p r e s e n t sometimes d e v e l o p i n g t o arenaceous o r a r g i l l a c e o u s l i m e -
s t o n e s . On t h e A l s t o n B l o c k , p a r t i c u l a r l y on A l s t o n Moor, a c h a r a c t e r i s t i c 
sequence o f these beds was r e c o g n i z e d by the o l d l e a d m i n e r s , w i t h i n which 
the sandstones were found t o be o v e r l a i n by t h i n c o a l seams. Hence the 
sandstones becsune known as Coal S i l l s , a term s e t i n p e r p e t u i t y by West-
g a r t h F o r s t e r ( l 8 0 9 ) « F o r s t e r named the sandstones o f the cyclothem, i n 
asce n d i n g o r d e r , the Low Coal S i l l and Hiigh Coal S i l l . Much h i g h e r up 
the "Lead Measures" sequence, he named the sandstone beneath h i s F e l l Top 
Limestone, t h e Upper Coeil S i l l . However, t h i s sandstone occurs w e l l above 
the t o p o f the Great Cyclothem, t h e l a t t e r b e i n g l i m i t e d a t the t o p by the 
base o f t h e Upper L i t t l e Limestone. Thus, on the A l s t o n Block t h e r e i s a 
c h a r a c t e r i s t i c development o f the non-calcareous measures o f the cyclothem, 
c o n s i s t i n g o f a l t e r n a t i n g s h a l e s and sandstones, t h e l a t t e r g e n e r a l l y b e i n g 
o v e r l a i n by t h i n coail sesims. Up t o t h r e e such sandstone-coal h o r i z o n s have 
been r e c o g n i z e d and as a r e s u l t , these measures have become known c o l l e c -
t i v e l y as t h e Coal S i l l s Group, S i n c e t h e Group has been found t o c o n t a i n 
more t h a n one sedimentary c y c l e w i t h t h i n i m p e r s i s t e n t marine h o r i z o n s 
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a s s o c i a t e d i n p l a c e s , i t must comprise p a r t o f a composite cyclothem. 
To t h e s o u t h o f th e A l s t o n B l o c k i n the n o r t h e r n and western -parte o f t h e 
A s k r i g g B l o c k and i n the Cotherstone S y n c l i n e , a sequence o f comparable 
l i t h o l o g y t o t h e Coal S i l l s Group o f th e type area has been r e c o g n i z e d by 
th e a u t h o r s o f t h e M a l l e r s t a n g Memoir (Dakyns e t a l . , 1891) , W e l l s (1955a, 
19551)and 1957) , Rowell and Scanlon (1957«) and Hicks ( 1958) . However, W e l l s 
( o p , c i t . ) has a l s o shown t h a t t h e r e i s a l a r g e area o f c h e r t development 
i n t h e n o r t h - e a s t q u a r t e r o f th e A s k r i g g Block; t h i s c h e r t i s i n p a r t the 
l a t e r a l r e p r e s e n t a t i v e o f the Coal S i l l s Group o f the n o r t h and west. An 
area n o t w i t h i n the Northiunbrian F a u l t - B l o c k where t h e non-calceireous 
measures o f t h e Great Cyclothem have been r e f e r r e d t o as the Coal S i l l s 
Group i s t h e Stainmore area o f Turner (1935); t h i s area i s c l o s e l y r e l a t e d 
t o t h e B l o c k , however. Beyond t h e margins o f the Blo c k i n the Northumbriein 
Trough, c o a l s occur i n t h e cyclothem and are e s p e c i a l l y prominent i n the 
Tyne V a l l e y . However, t h e r e p e a t e d sandstone-coal r e l a t i o n s h i p which g i v e s 
r i s e t o t h e name Coal S i l l s Group i s n o t g e n e r a l l y seen, a l t h o u g h T r o t t e r 
and H o l l i n g w o r t h (1927) r e f e r t o the beds above t h e Snope Burn Band i n the 
Brampton sirea as 'Coal S i l l s ' , I n p a s s i n g i t might be mentioned t h a t the 
Snope Burn Band i s a prominent and r e l a t i v e l y p e r s i s t e n t marine h o r i z o n 
o c c u r r i n g i n t h e middle o f th e cyclothem; t h e r e f o r e , i n t h i s area t h e c y c l o -
them i s a g a i n composite. Thus, t h e Coal S i l l s Group type o f l i t h o l o g y i s 
r e s t r i c t e d t o t h e development on t h e Northumbrian F a u l t - B l o c k , and more 
p a r t i c u l a r l y t o t h a t on t h e A l s t o n B l o c k . Elsewhere, t h e beds g e n e r a l l y 
f o r m p a r t o f t h e Great Cyclothem w i t h no s p e c i f i c c o l l e c t i v e name. I n V/est 
Cumberland, however, t h e l o w e r p a r t o f t h e Hensingham Group i s p r o b a b l y the 
l a t e r a l r e p r e s e n t a t i v e . 
As a l r e a d y mentioned, the t o p o f the cyclothem i s ' d e f i n e d by the base 
o f t h e Upper L i t t l e Limestone o r i t s l a t e r a l r e p r e s e n t a t i v e . 
SCOPE OF THE WORK 
Pr e v i o u s t o t h i s work no at t e m p t had been made t o study a s i n g l e 
c y c l o t h e m over a v e r y l a r g e area o f i t s development. The more r e c e n t works 
w h i c h a r e d e a l t w i t h i n t h e " h i s t o r y o f r e s e a r c h " have each considered all 
t h e cyclothems developed i n s p e c i f i c and r e s t r i c t e d a r e a s . However, W e l l s 
(1955a and 1955b) d i d extend h i s o r i g i n a l area and covered some 450 square 
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m i l e s of the Askrigg Block during h i s study of a s e r i e s of cherty beds 
which i n c l u d e the r e p r e s e n t a t i v e s of t h i s cyclothem. The present work i s 
r e a l l y a continuation of that of Wells, the main purpose being to a s s e s s 
the conditions of deposition and re c o n s t r u c t the palaeogeography of the 
Yoredale d e l t a and adjacent areas p r i o r to and during one of the d e l t a ' s 
major advances. Subsequently i t has proved d e s i r a b l e to investigate the 
extent of the d e v o l a t i l i z a t i o n of the co a l s developed w i t h i n the cyclothem 
on the A l s t o n Block and i n adjacent a r e a s . 
O r i g i n a l work by the author has been mainly confined to the type area 
of the cyclothem; that i s to say, the Alston Block, an area of 650 square 
m i l e s v;hich embraces Weardeile, Teesdale, Alston Moor, the Pennine Escarpment 
and the A l l e n d a l e s . D e t a i l e d f i e l d mapping on Ordnance Survey 1:10,560 and 
o c c a s i o n a l l y 1:2,500 scsile maps has been c a r r i e d out and s i l l a v a i l a b l e sub-
s u r f a c e data has been c o l l e c t e d together i n as comprehensive a manner as 
p o s s i b l e . I n p a r t i c u l a r , the whole outcrop of the cyclothem i n County 
Durham has been resurveyed apart from a sma l l area covered by Jones (1956) 
r e c e n t l y . Thus, some 100 m i l e s of outcrop has been i n v e s t i g a t e d i n d e t a i l 
and every a v a i l a b l e s e c t i o n has been measured. I n the Frosterly-Stanhope 
a r e a 12 m i l e s of continuous exposure of much of the cyclothem i s to be 
found i n the q u a r r i e s from which the Great Limestone has been e x t e n s i v e l y 
wrought. A l l the important quarry f a c e s have been photographed to f a c i l i -
t a t e measurement and a l s o to form a permanent record of those which are 
becoming covered with vegetation. Apart from the q u a r r i e s , over l40 det-
edled s e c t i o n s have been measured as w e l l as numerous p a r t i a l s e c t i o n s . As 
alre a d y mentioned, a l l a v a i l a b l e sub-surface information for the whole of 
the Block has been gathered together. T h i s has been forthcoming.from under-
ground workings of l e a d , f l u o r s p a r and barytes mines, and from the numerous 
records of s h a f t s sunk i n connection with these. A number of boreholes 
have a l s o been d r i l l e d i n the area r e c e n t l y , and i n some cases i t has been 
p o s s i b l e to have access to the core. Important borehole records f o r the 
concealed part of the Block have a l s o been obtained; those for Roddymoor, 
E l s t o b and Chopwell Woods are from published information, w h i l s t the Harton 
record has been k i n d l y made a v a i l a b l e by the B. P. Exploration Company 
Li m i t e d and the Gas Co u n c i l . A t o t a l of 120 s e c t i o n s are at hand from the 
above so u r c e s . Large gaps i n the d i s t r i b u t i o n of sub-surface information 
have been f i l l e d by mapping and measuring s e c t i o n s a t the necessary l o c a l -
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i t i e s where p o s s i b l e . Thus, over 300 s e c t i o n s have been obtained f o r the 
Alst o n Block alone. Some ten months were spent on field-work c o l l e c t i n g 
t h i s information and during t h i s period over 15,000 m i l e s v/ere t r a v e l l e d 
by motor-cycle and van. 
To extend the i n v e s t i g a t i o n over a wider area, information bearing 
on the occurrence of the cyclothem, or the beds eqxiivalent to i t , has been 
c o l l e c t e d from published sources which are summarized on F i g . 2 . By syn-
t h e s i z i n g a l l the information i t has proved possible to consider the f u l l 
6,500 square m i l e s a r e a of development of the cyclothem and i t s equivalents 
i n Northern England. I n order to s a t i s f a c t o r i l y l i n k the Alston Block with 
adjacent a r e a s , excursions have been made i n t o the Northumbrian Trough and 
the Cotherstbne S y n c l i n e . I n p a r t i c u l a r , boreholes from F a l l o w f i e l d Mine, 
Northumberland, and the Lunehead Mine area i n the Cotherstone S y n c l i n e 
have been logged. 
Laboratory work has co n s i s t e d of the following:-
( i ) The examination of over 200 t h i n s e c t i o n s ; these 
were mainly of sandstones but other l i t h o l o g i e s have a l s o 
been considered. 
( i i ) Heavy mineral separations have been made from 
sandstones of a known constant horizon and also from 
random horizons. 
( i i i ) Where necessary, X-ray photography or d i f f e r e n t i a l 
thermal a n a l y s i s has been used to determine the composition 
of c e r t a i n sandstone cements. 
( i v ) Specimens of " p y r i t e " from various environments 
have been polished and examined i n r e f l e c t e d l i g h t to 
a s c e r t a i n t h e i r d e f i n i t e composition. 
(v) Analyses have been obtained for s e v e r a l coal 
samples c o l l e c t e d from widespread l o c a l i t i e s on the 
Al s t o n Block and i n adjacent a r e a s . S e v e r a l more 
ansilyses f o r c o a l s of a s i m i l a r horizon have been 
c o l l e c t e d from the records of the National Coal Boso-d 
by kind permission of that body. 
( v i ) The fauna c o l l e c t e d from various horizons 
w i t h i n the cyclothem has been i d e n t i f i e d . 
( v i i ) Every a v a i l a b l e source of information of sub-
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s u r f a c e and sur f a c e data has been perused i n order to 
obtain as f u l l a coverage of the area as p o s s i b l e . 
REGIONAL DISTRIBUTION 
On the Northumbrian F a u l t - B l o c k ( F i g s . 1 and 2) the cyclothem has a 
widespread d i s t r i b u t i o n and forms a r e l a t i v e l y continuous band around the 
v a l l e y s i d e s of most of the r i v e r s . The d e t a i l e d d i s t r i b u t i o n on the 
Alst o n Block and i n the Cotherstone S y n c l i n e i s shown on P l a t e IH, v;hilst 
t h a t on the Askrigg Block i s shown on P l a t e I B . I n addition, veiluable 
information i s a v a i l a b l e from f i v e deep boreholes d r i l l e d i n t o the conceal-
ed a r e a up to 25 miles east of the nearest exposures on the Block. These 
boreholes were d r i l l e d a t Roddymoor, Chopwell Woods, E l s t o b , Harton and 
Chopgate i n the Cleveland H i l l s , t h e i r p o s i t i o n s being shown on F i g . 1. 
South of the Block, i n the Bowland Trough, the marked f a c i e s change 
which takes place does not allow f o r an accurate d e l i m i t a t i o n of the exact 
equivalent of the cyclothem. However, Black (1950) has shown the S c a l e Haw 
Limestone of the Bowland Shale sequence to be the equivalent of the Main 
Limestone. A s i m i l a r f a c i e s to the Bowland Shales completely obscures the 
cyclothem i n the Furness D i s t r i c t . I n t h i s l a t t e r area i t seems c e r t a i n 
that beds of s i m i l a r age to the cyclothem form part of the s h a l y Gleaston 
Group, howe'ver. 
To the west of the Block, the cyclothem can be recognized i n the Kirkby 
Lonsdale a r e a but i t occurs i n poorly exposed ground. The l a r g e s t area of 
development to the west of the Block i s that surrounding the northern h a l f 
of the Lake D i s t r i c t where Carboniferous rocks form a rim around a core of 
Lov/er PsilaeozoicB. Here, the beds representing the cyclothem can be traced 
from west of Appleby around the northern end of the massif, by way of Cald-
beck and G i l c r u x , to Egremont where they disappear beneath younger deposits. 
S t r a t a r e p r e s e n t i n g the cyclothem have a l s o been penetrated by a borehole 
d r i l l e d i n the northern part of the I s l e of Man. 
I n the Northumbrian Trough the cyclothem has a more r e s t r i c t e d out-
crop than on the Block to the south. I t can be traced from the northern 
end of the Pennine Escarpment, south-east of Brampton, i n an east-north-
e a s t d i r e c t i o n to Matfen, from whence i t trends north to Greenleighton, 
and then north-east to the v i c i n i t y of Howick where i t runs out to sea. 
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F i g . 1 
The Geology of Northern England 
Reference map showing the general r e g i o n a l r e l a t i o n s h i p 
of the areas i n which the Great Cyclothem i s developed. 
To be used i n conjunction with F i g . 2 to comprehend the 
r e g i o n a l d i s t r i b u t i o n of the Great Cyclothem, 
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F i g . 2 
Summary of the areas covered by var i o u s authors. 
The s t r u c t u r a l u n i t s of Northern England are a l s o 
i n d i c a t e d upon t h i s map. The Northumbrian F a u l t - B l o c k 
i s d i v i s i b l e i n t o the Al s t o n and Askrigg Blocks which 
are separated by the Cotherstone S y n c l i n e , (Reading, 2 1 ) . 
1. Fowler, 1926 18. Simpson, 1902 
2 . C a r r u t h e r s e t al., 1927 19. Woolacott, 1923 
5 . C a r r u t h e r s e t al., 1930 20. Smith, 1912 
Fowler, 1936 21 . Reading, 195^ and 1957 
5 . Hedley and Waite, 1928 22 . Turner, 1927 and 1935 
6. Johnson, 1959 23 . W e l l s , 1955a, 1955b and 1957 
7 . T r o t t e r and Hollingworth, 1932 2k. Rowell, 1953 .1957a and 1957b 
8 . Peach and Home, 1903 25 . Scanlon, 1955 
B a r r e t t and Richey, 19^5 26. Dakyns et al., 1891 
Lumsden and Wilson, 196I 27 . M i l l e r and Turner, 1931 
9 . Eastwood et al., 1931 28 . Moore, 1955 and 1958 
10. Eastwood, 1930 2 9 . Wilson, 1957 and 196O 
11. Eastwood, 1931 30 . Fowler, ^^kk 
12. Dakyns et aL, 1897 31. Hicks, 1958 and 1959 
13. Dunham and Rose, 19^1 32 . Deikyns e t al.. 1890 
14. Short, ^^3^ 33 . A v e l i n e et al., I872 
15. Dunham, 19^8 and 1950 Hicks, 1958 
16. Johnson and Dunham,1962 34. Black, 1950 
17. Jones, 1956 
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I t a l s o occurs i n three small s y n c l i n e s north of Lowick. The d i s t r i b u t i o n 
i n t h i s region i s shown on P l a t e s I and I C , Also w i t h i n the confines of 
the Trough, s t r a d d l i n g the Anglo-Scottish border, there i s a smeill occurr-
ence of the cyclothem i n the v i c i n i t y of Canonbie. 
I n the Midland V a l l e y of Scotland the beds representing the cyclothem 
have a widespread d i s t r i b u t i o n i n a s e r i e s of dis-connected b a s i n s , but i t 
i s beyond the scope of t h i s work to consider these. 
HISTORY OF RESEARCH 
The name Great Cyclothem dates only from Dunham (1950) , but the lime-
stone member was probably named many c e n t u r i e s before by the lea d miners of 
the Northern Pennines. Subsequent to i t s i n t r o d u c t i o n by Dunham, the 
method of p a r t i c u l a r i z i n g the cyclothem, by p r e - f i x i n g the name of the 
limestone forming i t s b a s a l member, has been adopted by various workers. 
E a r l y records of the s t r a t a encountered during l e a d mining operations 
on the Als t o n Block are to be found on various old mine plans. For example, 
a plan, dated 1775i of the Nentforce Drainage L e v e l , which was driven from 
Alston to Nenthead, has a s e c t i o n on i t which i n c l u d e s the beds of the 
Great' Cyclothem. The r e l e v a n t part i s given below:-
10 
6 
10 
10 
5 
8 
25 
65 
L i t t l e Limestone 
L i t t l e Hazel (Sandstone) 
P l a t e Bed (Shale) 
Hazel c a l l e d the High Coal S i l l 
P l a t e Bed 
Hazel c a l l e d the Low Coal S i l l 
P l a t e Bed 
Great Limestone i n c l u d i n g Tumblers 
W i l l i a m Hutchinson's H i s t o r y of Durham (179^) contains what must 
be one of the f i r s t published r e f e r e n c e s to the Great Limestone. Giving 
an account of the l e a d trade i n Teesdale, he says, "The s t r a t a or bearing 
s i l l s are v a r i o u s , which c a r r y ore, the greypost bears w e l l , but the 
best i s the great limestone, both f o r quantity and q u a l i t y ; which i s 
about 70 fathoms i n t h i c k n e s s " . An accompanying s e c t i o n shows:-
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Grey Rubble 
Blue Sandy S l a t e , l 8 
Freestone, 22 
Bastard Whin, l 6 
Great Limestone, 70f 
I t i s a p i t y that t h i s e a r l y record of the Great Limestone and assoc-
i a t e d beds should apparently be s p o i l t owing to the author's confusion 
of f e e t with fathoms. 
Sopwith, w r i t i n g i n 1833, records "An engraved s e c t i o n e x h i b i t i n g 
the v a r i o u s s u c c e s s i o n of the s t r a t a , from the highest i n Alston Moor 
to the lowest on the north-east s i d e of the Keswick H i l l s " , published 
by W. M i l l a r of C a r l i s l e i n 18OO. I t has vmfortunately not proved 
p o s s i b l e to t r a c e t h i s s e c t i o n despite a thorough s e a r c h . 
Calcareous 
Argillaceous 
Sulphureous 
Siliceous -
Argillaceous; 
Sulphureous! 
Siliceous -
Argillaceous 
Calcareous • 
r 
Siliceous 
Little Limestone 
I Plate 
bS Coal 
0 High Coal SiU 
— Plate 
Coal 
Low Coal SiU 
Elate 
-— 
0 TTumbl^r Beds 
(.and Great Limestone 
1^ Tuft or Water Sill 
-0 
F i g . 3 . Westgarth F o r s t e r ' s s e c t i o n of the Great Cyclothem, 
(each small d i v i s i o n of the s c a l e = 1 fathom). 
A household word to students of geology i n the Northern Pennines 
i s the name of Westgarth F o r s t e r whose c l a s s i c " T r e a t i s e on a S e c t i o n 
of the S t r a t a " ( f i r s t e d i t i o n , 1809) contains an organised s t r a t i g r a p h i c a l 
sequence f o r the Alston Block. The names used for i n d i v i d u a l beds are 
those which were derived during c e n t u r i e s of lead mining i n the area. 
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The f i r s t e d i t i o n of the " S t r a t a " was published i n the same year as 
W i l l i a m Smith's f i r s t g e o l o g i c a l map of England and i t may be claimed 
as the e a r l i e s t comprehensive s e c t i o n of s t r a t a extant i n t h i s country. 
Many of the names of i n d i v i d u a l beds that are s t i l l i n current use over 
much of Northern England were derived from i t . A copy of F o r s t e r ' s 
s e c t i o n of the Great Cyclothem i s shown i n F i g . 3 . Tumbler Beds i s the 
term used to describe the a l t e r n a t i n g limestones smd calcareous s h a l e s 
which form the upper part of the Great Limestone; F o r s t e r s t a t e s i n the 
t e x t that they are separated from the massive limestone by about 1 foot 
of s o f t s h a l y m a t e r i a l , known as the Black Bed. The massive limestone 
i t s e l f i s divided i n t o high, middle and low f l a t s by t h i n shaly p a r t i n g s , 
these f l a t s having shown f a v o u r a b i l i t y to replacement during mineral-
i z a t i o n . Only two sandstones are shown between the top of the Great and 
the base of the L i t t l e Limestone but a s e c t i o n from Cross F e l l l e a d mine 
with three sandstones developed i s mentioned i n the t e x t ; i n t h i s s e c t i o n 
the upper-most sandstone i s c a l l e d the White Hazle, The ssmdstones 
presumably became known as Coal S i l l s because of t h e i r close overlay by 
c o a l seams, the term s i l l being l o c a l l y employed to denote a bed or 
stratum, u s u a l l y of sandstone. A s e c t i o n compiled from mines i n Arken-
dale and Swaledale on the Askrigg Block i s a l s o contained i n the " S t r a t a " . 
Two f u r t h e r e d i t i o n s of the " S t r a t a " appeared i n I 8 2 I and 1883 respec-
t i v e l y , the l a t t e r posthumously r e v i s e d and corrected by the Rev. W. 
N a i l . There i s no d i f f e r e n c e i n the b a s i c information contained, but 
a number of new s e c t i o n s are presented which show v a r i a t i o n s from the 
standard A l s t o n Moor sequence. 
Winch (1817) published s i m i l a r information to F o r s t e r except that 
on h i s s e c t i o n f o r Alston Moor he shows a t h i n sandstone occurring 
immediately below the L i t t l e Limestone named the L i t t l e Hazle. He a l s o 
s t a t e d t h a t , "the c o a l s being very uncertain i n t h e i r extent are seldom 
no t i c e d i n the l e a d mine s e c t i o n s " . 
Sedgwick ( l 827 ) records a s e c t i o n from Old Langdon Mine, Teesdale 
w h i l s t Sopwith (1829) published s e c t i o n s of H o l y f i e l d and Hudgill l e a d 
mines and i n 1833 gave an account of the s t r a t i g r a p h y of Alston Moor 
which confirmed F o r s t e r ' s f i n d i n g s . Only Sedgwick's s e c t i o n shows any 
marked v a r i a t i o n from the e s t a b l i s h e d one for Alston Moor; i n t h i s 
s e c t i o n an 82 f e e t t h i c k combined High and Low Coal S i l l i s recorded as 
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immediately o v e r l y i n g the Great Limestone. I n I835 Sedgwick c o n t r i -
buted to the geology of the Askrigg Block by d e s c r i b i n g a s e r i e s of 
l o n g i t u d i n a l and tr a n s v e r s e s e c t i o n s . On these he named the bed equiv-
a l e n t to the Great Limestone, the Twelve Fathom Limestone. 
John P h i l l i p s ' (1836) work on the Askrigg Block i s as w e l l known as 
that of F o r s t e r on the A l s t o n Block. He named the rhythmic sequence the 
Yoredale S e r i e s and demonstrated i t s continuation northward from Swsde-
dale, c o r r e l a t i n g h i s Main Limestone with the Great Limestone. The Red 
Beds were a l s o equated with the L i t t l e Limestone, a c o r r e l a t i o n which 
W e l l s (1957) considers to d i f f e r from h i s own mainly by a d e t a i l of 
nomenclature. 
Some v a r i a t i o n from the standard Alston Moor sequence i s i n d i c a t e d 
by Wallace (186I) who presents a s e c t i o n of the much t h i c k e r sequence 
of the Great Cyclothem a t F a l l o w f i e l d Mine, Northumberland. On t h i s 
s e c t i o n a prominent c o a l seam, shown as the F a l l o w f i e l d Coal but a l s o 
known as the L i t t l e Limestone Coal, i s w e l l exhibited i n the upper part 
of the cyclothem. The presence of a sandstone, the White Hazle, immed-
i a t e l y below the L i t t l e Limestone i n the Alston Moor sequence i s a l s o 
eraphasiaed. I t i s i n t e r e s t i n g to note that Wallace attempts to recon-
s t r u c t the conditions of deposition during the formation of the Yoredales 
and succeeds i n e r e c t i n g a f a i r l y accurate rudimentary pattern. 
Armstrong et a l . ( l 8 6 ^ ) present a s e c t i o n by Sopwith, compiled from 
the Allenheads l e a d mines, on which e x c e s s i v e l y t h i c k c o a l seams are 
i n d i c a t e d i n the Coal S i l l s Group. 
Lebour did much to e l u c i d a t e the s t r a t i g r a p h y of Northumberland. 
I n p a r t i c u l a r , h i s works on the L i t t l e Limestone and i t s accompanying 
c o a l (187^) , and the Great Limestone and i t s a s s o c i a t e d beds (1875) i n 
south Northumberland may be noted. These works have been incorporated 
i n t o Smith (1912) but i t i s important to record that i n the former work 
Lebour gave the f i r s t comprehensive account of the L i t t l e Limestone Coals. 
These c o a l s have been e x t e n s i v e l y worked along the Tyne V a l l e y , the h i s t o r y 
of working, which dates back to 1522, being stimmariaed by T r o t t e r and 
Hollingworth ( 1 9 3 2 ) . I n the other paper mentioned, the Ebbs Snook Lime-
stone of the Alnwick D i s t r i c t was c o r r e l a t e d with the Great Limestone. 
V a r i a t i o n s w i t h i n the south Northtunberland sequence were considered, the 
t h i c k sandstone developed i n the cyclothem around Brunton being named 
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the Black Pasture Stone. A faunal l i s t f o r the Great Limestone was 
a l s o given. 
The stratigraphiceuL sequence f o r West Cumberland was worked out 
by Kendsill (1885) but h i s c o r r e l a t i o n of the limestones with those of 
other d i s t r i c t s has subsequently been shown to be i n c o r r e c t . 
Between the years 1878 and 191O the borings and sinkings of North-
umberland and Durham were compiled and published i n s i x volumes by the 
North of England I n s t i t u t e of Mining Engineers. A c a r e f u l search of 
these r e c o r d s r e v e a l s many s e c t i o n s through the Great Cyclothem. 
Subsequent to the primary g e o l o g i c a l survey of Northern England, 
only two sheet memoirs were published for the Askrigg Block, these 
being f o r the Ingleborough <97 S.W.;Dakyn6 et al., 1890) and Mallerstang 
(97 N.W.:Dakyns et al., 1891) s h e e t s . Both of these contain u s e f u l 
information as regards the Great Cyclothem, but,- as throughout the 
sequence, most emphasis i s placed on the limestone. The cherts over-
l y i n g the Main (= Great) Limestone i n Swaledeile were recognised and i t 
was considered that the Main Chert and the cherty Black and Red Beds 
"passed westward and northward i n t o a s e r i e s of g r i t s , sandstones and 
s h a l e s , known i n the north as the ' c o a l - s i l l s ' , capped by a bed of chert 
or limestone c a l l e d the L i t t l e Limestone." I t i s i n t e r e s t i n g to note 
that the term c o a l - s i l l s was adopted despite the r e l a t i v e paucity of 
COSLL seams a s s o c i a t e d with the sandstones. Fauneil l i s t s for the Maiin 
Limestone and the beds above i t are presented i n the Mallerstang Memoir. 
Previous to these memoirs, one was produced for the Kirkby Lonsdale area 
(98 S .'E.:Aveline et al., 1872) , west of the Askrigg Block, where a small 
i l l - e x p o s e d a r e a of outcrop of the Great Cyclothem occurs. No memoirs 
a t a l l appeared for the A l s t o n Block but i t i s obvious from the s i x i n c h 
maps tha t the surveyors noted some v a r i a t i o n s from the standard sequence 
e s t a b l i s h e d f o r Alston Moor. Despite t h i s l a c k of memoirs, much valuable 
information, mainly derived from the l e a d mines, was published on the 
three G e o l o g i c a l Survey V e r t i c a l S e c t i o n Sheets for the area (62 , 1877; 
63 , 1878; 66, 1878) , a l l of which were prepared by David Burns. A sheet 
f o r the L i t t l e Limestone Coal i n Northumberlsuid and Cumberland (South 
Tyne D i s t r i c t ) was a l s o compiled by Burns (56 , 1878) . Gunn (1897) 
produced two memoirs f o r p a r t s of north Northumberleind, but these contain 
d e t a i l s which have been cor r e c t e d and incorporated i n more recent Survey 
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p u b l i c a t i o n s . Some information regarding the Great Limestone, but l i t t l e 
e l s e f o r the cyclothem, i s to be found i n the Appleby Memoir (102 S.W.: 
Dakyns et al., l 8 9 7 ) . The whole of the area under consideration i s covered 
by Old S e r i e s one i n c h to the mile Geological Survey maps which were 
published between the years 1869 and 1895. The sheet numbers are as 
foll o w s (New S e r i e s numbers i n b r a c k e t s ) : -
110 N.E. ( 2 ) , 110 S.E. ( 4 ) , 109 N.W. ( 6 ) , 109 S.W. ( 9 ) , 
105 N.W. ( I ^ f ) , 106 N.E. ( 1 3 ) , 106 S.E. ( 1 9 ) , 106 S.W. ( 1 8 ) , 
101 N.W. ( 2 2 ) , 101 S.W. ( 2 8 ) , 101 N.E. ( 2 3 ) , 102 S.W. ( 3 0 ) , 
102 N.E. ( 2 5 ) , 102 S.E. ( 3 1 ) , 103 N.W. ( 2 6 ) , 103 S.W. ( 3 2 ) , 
97 S.W. ( 5 0 ) , 97 N.E. ( i f l ) , 97 S.E. ( 5 1 ) , 98 S.E. ( 4 9 ) , 
92 N.W. ( 6 0 ) , 92 N.E. ( 6 1 ) . 
The Dryburn Limestone of Northumberland was c o r r e l a t e d with the Main 
of Yorkshire and the Top Hosie ("the limestone which l i e s below the Edge 
Coals" ) of Scotland, as w e l l as with the Great Limestone of Durham, by 
Gunn ( 1 8 9 8 ) . I n h i s c o r r e l a t i o n of the Great and Dryburn Limestones he 
concurred with Lebour ( 1 8 8 9 ) . 
The Chopwell Woods deep borehole i s recorded by Simpson (1902); 
t h i s borehole penetrated the cyclothem i n the concealed area s e v e r a l miles 
south-east and east of the outcrops i n the Tyne V a l l e y £ind on the Alston 
Block r e s p e c t i v e l y . 
Also i n 1902, Hind presented l i s t s of f o s s i l s from Weardale f o r the 
var i o u s members of the cyclothem; i t would appear that the f o s s i l s l i s t e d 
f o r the L i t t l e Limestone are a c t u a l l y from the Crag Limestone, however. 
A f u r t h e r c o n t r i b u t i o n to the palaeontology of the Great Limestone i s to 
be found i n Smith (191O), the fatma e s t a b l i s h e d by him being incorporated 
by H i l l ( 1 9 3 8 ) . 
An extremely i n t e r e s t i n g paper by Clough (1903) eihowe how, i n Upper 
Teesdale, the f u l l 55 f e e t of Great Limestone can be replaced by 10 - 12 
f e e t of s o f t ochreous c l a y due to "famping", a process of conversion i n t o 
ochre. 
The small area of Carboniferous rocks around Canonbie was dealt 
with by Peach and Home (1903) i n the e a r l y part of t h i s century and more 
r e c e n t l y by B a r r e t t and Richey (.^9^3). I n the former paper the r e l a t i o n -
s h i p of the rocks to those of Northern England and C e n t r a l Scotland was 
considered, but not alt o g e t h e r s a t i s f a c t o r i l y . I n t h e i r report on the 
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r e c e n t l y d r i l l e d Archerbeck Borehole i n t h i s region, Lumsden and Wilson 
( 1 9 6 1 ) c o r r e l a t e the C a t s b i t and Blae Pot Limestones with the Great and 
L i t t l e Limestones r e s p e c t i v e l y . T h i s c o r r e l a t i o n i s e n t i r e l y s a t i s f a c -
tory, e s p e c i a l l y s i n c e the beds between the two first-nsuned limestones 
are s i m i l a r i n l i t h o l o g y to those found between the Great and L i t t l e 
elsewhere. 
The development of c o a l i n the cyclothem was f u l l y reviewed by 
Smith ( 1 9 1 2 ) f o r the whole of Northern England. Some of h i s c o r r e l a t i o n s 
of seams i n Northumberland have been shovm to be i n c o r r e c t but t h i s i s 
of small matter when the l a r g e area that was considered i s tsiken i n t o 
account. 
R e v i s i o n of the mapping of Cumberland, Westmorland, Northumberland 
and Durham by the Geological Survey was begun i n - 1 9 2 0 and i s s t i l l being 
c a r r i e d on. Much u s e f u l information acquired during the mapping was 
published i n Summary of Progress f o r the years between 1920 and 193O 
but most of t h i s has been incorporated i n the memoirs f o r the r e l e v a n t 
a r e a s where these have appeared. Of p a r t i c u l a r i n t e r e s t , however, i s 
the paper by Bernard Smith ( 1 9 2 7 ) i n which a s e c t i o n through what i s 
probably the Great Cyclothem i s reported from one of the boreholes d r i l l e d 
at-the northern end of the I s l e of Man. The only published information 
p e r t a i n i n g to the area at the northern end of the Lsike D i s t r i c t , except f o r 
that by T r o t t e r ( i n Trueman, 195^)» i s to be foxmd i n Summeiry of Progress 
(Eastwood, 1 9 3 1 ) ; however, the one-inch geological map f o r the l a t t e r area 
(Sheet 2 3 ) has appeared r e c e n t l y . A l i s t of one-inch maps and memoirs 
f o r the re-surveyed areas which are r e l e v a n t to t h i s work i s given below:-
Sheet Date Author of Memoir and 
Nmaber Published Name Date published 
2 1925 Berwick-on-Tweed Fowler ( 1 9 2 6 ) 
k 1925 Holy I s l a n d Carruthers et a l . ( 1 9 2 7 ) 
6 1930 Alnwick Carruthers et al. ( 1 9 3 O ) 
9 1 9 3 ^ Rothbury Fowler ( 1 9 3 6 ) 
^k 1955 Morpeth Not published 
18 1930 Brampton T r o t t e r and Hollingworth ( 1 9 3 2 ) 
19 1956 Hexham Not published 
22 1930 Maryport Eastwood ( 1 9 3 0 ) 
2 3 1959 Cockermouth Not published 
28 1929 Whitehaven Eastwood et a l . ( I 9 3 l ) 
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From the foregoing i t can be seen that the major part of the r e l e v a n t 
area of Northumberland has been re-surveyed and f o r much of i t there 
are memoirs a v a i l a b l e . Memoirs are a l s o at hand f o r north-east Cumber-
l a n d and the west s i d e of the Lake D i s t r i c t , but unfortunately the one 
f o r the Cockermouth sheet, although i n preparation, has not yet appeared. 
From the information a v a i l a b l e , however, i t would appear that the L i t t l e 
Limestone becomes an i m p e r s i s t e n t horizon westward acr o s s t h i s l a s t named 
sheet. I f t h i s i s so there i s then no w e l l defined upper boundary f o r 
the cyclothem. No d e t a i l e d c o n s i d e r a t i o n of the information which has 
been obtained from the memoirs w i l l be made here, s i n c e i t w i l l be f u l l y 
r e f e r r e d to l a t e r . However, i t i s of i n t e r e s t to note that i n the 
Brampton Memoir ( T r o t t e r and Hollingworth, 1932) the f i r s t r e a l attempt 
was made a t an organized study of l a t e r a l v a r i a t i o n w i t h i n the cyclothem, 
the problem considered being the v a r i a b l e development of the L i t t l e Lime-
stone C o a l s . 
E a r l e (1921) and Edmonds (1922) both c o r r e l a t e d the F i r s t Limestone 
of West Cumberland with the Great Limestone, the former by mapping arotind 
the northern end of the Lake D i s t r i c t , and the l a t t e r on the b a s i s of 
l i t h o l o g i c a l and faunal c h a r a c t e r i s t i c s . T h i s c o r r e l a t i o n has been up-
held by the Survey (Eastwood et aL, 1 9 3 1 ) « 
Records of c e r t a i n s h a f t s e c t i o n s are to be found i n the Speciail 
Reports on Mineral Resources (Lead and z i n c ores) by Carruthers and 
Strahan (1923, Durham, Yorkshire and Derbyshire) and Smith and Carruthers 
(1923, Northumberland and A l s t o n Moor). 
A f u r t h e r c o n t r i b u t i o n to the knowledge of the cyclothem i n the 
region e a s t of the outcrops on the Alston Block was made by Woolacott 
(1923) and Lee (1924) i n t h e i r accounts of the Roddymoor boring. Crook, 
An a d d i t i o n to the knowledge of the fauna of the Great (= Main) 
Limestone was made by Garwood and Goodyear (1924) who a l s o mentioned the 
f o s s i l l i s t of Hughes (1908) f o r the same limestone. Turner (1927) a l s o 
published a favmal l i s t f o r the Great Limestone, 
Hudson (1924 and 1 9 4 l ) considered the 'Red Beds' and 'Black Beds' 
of Swaledale to be the l a t e r a l equivalents of the Coal S i l l s Group and 
to u n d e r l i e the L i t t l e Limestone, as did Dakyns et al.(189O and 189I). 
However, Hudson only made i n c i d e n t a l reference to the above c o r r e l a t i o n . 
F u r t h e r d e t a i l s of the development of the L i t t l e Limestone Coals 
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are given by Hedley and Waite (1928) f o r the d i s t r i c t north of Corbridge. 
The t h i c k sandstone which occurs below the c o a l s and the Snope Burn 
Marine Band i n the Tyne V a l l e y region i s named the Black Pasture S i l l 
( a f t e r Lebour, l875) . Hedley ( i n H i c k l i n g , 1931) only gives a very 
general account of the cyclothem i n Northumberland but i t i s i n t e r e s t -
i n g to note th a t the L i t t l e Limestone of the south i s c o r r e l a t e d with 
the Cushat Limestone of the north, thus f i x i n g the upper l i m i t of the 
cyclothem f a r t h e r a f i e l d . T h i s followed the c o r r e l a t i o n e s t a b l i s h e d by 
the Survey (Summ. Prog. G.S.G.B., 1925). 
I n h i s i n t r o d u c t i o n to S c o t t i s h Carboniferous s t r a t i g r a p h y MacGregor 
(1929) c o r r e l a t e d the Top Hosie Limestone, which forms the base of the 
Limestone Coal Group, with the Great of Northumberland, but no equivalent 
of the L i t t l e Limestone was suggested to f i x the upper l i m i t of the 
cyclothem. 
M i l l e r and Turner (1931) working i n the Dent F a u l t and Shap d i s t r i c t s 
c o r r e l a t e d the Main Limestone of the block with the Great S t r i c k l a n d or 
Kings Meaburn Limestone of the l a t t e r d i s t r i c t . They thus r e - i t e r a t e d 
the c o r r e l a t i o n e s t a b l i s h e d by the authors of the Appleby Memoir (Dedcyns 
et al., 1897). The Bewley C a s t l e Limestone of the Shap d i s t r i c t was 
c o r r e l a t e d with the Crow Limestone w h i l s t the r e p r e s e n t a t i v e of the Upper 
L i t t l e Limestone was taken as a t h i n limestone which was observed i n the 
R i v e r Lowther, one of the r i v e r s of the Shap d i s t r i c t . A faunal l i s t 
was a l s o given f o r the Main Limestone, conteiining specimens c o l l e c t e d 
from both sireas. The Stainmore area of. Westmorland was dealt with by 
Turner (1935) mainly from a t e c t o n i c viewpoint but the presence of the 
Coal S i l l s was demonstrated and the Great Limestone was mapped i n t o the 
Main a c r o s s the highly f a u l t e d ground of t h i s region. 
C a r r u t h e r s ' "Adventure i n S t r a t i g r a p h y " (1938) was somewhat i l l -
f a t e d as f a r as the c o r r e l a t i o n ofi the Coal S i l l s Group from the Alston 
to A skrigg Blocks i s concerned s i n c e the Ten Fathom G r i t of Rogan's Seat 
and ArkengaTithdale was equated with the "Upper Coal S i l l (and p o s s i b l y 
the lower one a l s o ) of the Teesdale sequence". The Crow Limestone over-
l i e s the Ten Fathom G r i t i n Swaledale and Carruthers considered t h i s to 
be the equivalent of the L i t t l e Limestone of Teesdale, the name L i t t l e 
Limestone being used f o r a bed which he considered to l i e below the Coal 
S i l l s i n Swaledale. There i s no doubt that Carruthers was misled by the 
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dying out of the arenaceous members of the group and th e i r psirtial 
l a t e r a l replacement by chert to the south (Wells, 1955a and 1955b) , 
This mis-correlation does not completely detract the value from the 
work, because a few useful sections are quoted for the Alston Block. 
However, i t does give a plain warning that the use of measured sections 
alone f o r correlation i s inadvisable. 
The cyclothem cannot be recognized as such i n the Furness D i s t r i c t , 
as indicated by Dunham and Rose (19^1)f because of the marked facies 
change. However, beds of similar age undoubtedly form part of the 
predominantly shaly Gleaston Group. 
The deep borehole i n the Cleveland H i l l s (Fowler, 19^14) gives yet 
another record of the cyclothem well detached from the outcrops to the 
west of i t . 
Black (1950) t e n t a t i v e l y correlated the Great Limestone with the 
Scale Haw Limestone which occurs i n the Bowlsmd Sheiles and from which 
Hudson and Cotton (19^3) have recorded an E^ a fauna. 
Trotter (1952) considered the Namurian from the point of view of 
sedimentation facies and demonstrated how an important facies change 
tEikes place above the Great Limestone. He tentatively suggested that 
the Johnstone Shell Bed of Scotland may be the deteriorated represen-
ta t i v e of the L i t t l e Limestone of Northern England, as well as re-stating 
the Top Hosie - Great Limestone correlation. 
Some general information i s to be found i n the Regional Guides for 
Northern England (Eastwood, 1953) and the Pennines and adjacent areas 
(Edwards and Trotter, 1 9 5 ^ ) . 
The authors of the guide to Ingleborough (Dunham et aL, 1953) and 
Hicks (1959) noted no limestone i n the 200 feet i n t e r v a l between the 
top of the Main Limestone and the g r i t that caps the mountain. However, 
the exposure of the beds at t h i s point i s by no means perfect. 
I n her concise review of the Lower Carboniferous rocks i n the North 
of England, Rayner (1953) suggested that the Vise'an-Naraurian junction 
l i e s between the Great and Four Fathom Limestones and that the base of 
the Great Limestone should be defined as th i s boxmdary. Currie (I 9 5 ^ ) i 
working quite independently, showed that the Top Hosie Limestone of 
Scotland l i e s at the base of the Namurian. Also i n 195^, Craig gave a 
very i n t e r e s t i n g account of the peilaeoecology of the Top Hosie Shale. 
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Brief mention of the cyclothem i s made i n the guide to the Alnwick 
d i s t r i c t (Westoll et aL, 1.955). 
The fauna and lithology of three biostromes developed i n the Great 
Limestone \iere described i n d e t a i l by Johnson ( 1 9 5 8 ) . In ascending 
order they are the Chaetetes Band, Brunton Band and Frosterley [Marble] 
Band. The f i r s t two were new whilst the other had been described by 
Dunham ( 1 9 ^ 8 ) . In his account of the Roman Wall d i s t r i c t , Johnson (1959) 
dealt mainly with the Great Limestone, but some sections for the whole 
cyclothem smd a general account of the same were given. More evidence 
was also put forward for defining the base of the Great Limestone as the 
Visean-Neimurian boundary. 
The Bewley Castle Limestone of the Appleby d i s t r i c t was correlated 
with the L i t t l e Limestone by Versey ( 196O) . 
Ferguson (1961) gives an interesting account of the fauna of the 
Tumbler Beds from where they are well developed at the top of the Great 
Limestone i n the quarries around Stanhope, Weardale. The new genus, 
Claviradix i s more p a r t i c u l a r l y considered than the rest of the fauna. 
A thickness of Sk feet i s also recorded for the Great Limestone; t h i s 
thickness i s inaccurate cind considerably i n excess of that actusdly 
present. 
Details f or a very poorly exposed area are given by Dunham and John-
son (1962) i n t h e i r detailed stratigraphical and palaeontological account 
of four boreholes.drilled on Swinhope Moor, East Allendale. 
The position of the Visean-Namurian boundary i n north-east Englsmd 
i s further c l a r i f i e d by Johnson, Hodge and Fedrbairn (1962) who report 
a number of new goniatite finds relevant to th i s problem. The pertinent 
details are contained i n the "stratigraphical position" chapter and a 
repri n t of the paper i s enclosed. Suffice to say, the boundary i s placed 
at the base of the Great Limestone. 
Turner (1962) has described the d i s t r i b u t i o n of the Chaetetes band 
i n the north-west quarter of the Askrigg Block. 
The works of Dunham (19^8 and 1950) have been omitted u n t i l here 
because they are the basic models for a series of more recent contributions, 
each of which consider and evaluate l a t e r a l variation within the cyclothems 
of specific areas. I n the Northern Pennine Orefield (Dunham, 1 9 ^ 8 ) , i n 
addition to dealing with the other cyclothems of the sequence, a succinct 
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account of the variations i n the development of the Great Cyclothem on 
the Alston Block i s given, and the presence of sandstone-filled washout 
channels i s f i r s t suggested. Other variations from Forster's standard 
Alston Moor sequence (with Wallace's White Hazle inserted) are also given. 
The 1950 paper of Dunham considers the Lower Carboniferous from the point 
of view of sedimentation, but i t i s based on 112 sections of strata 
compiled from records of boreholes, mine-shafts and underground workings, 
as well as surface exposures. 69 of these sections contain a record 
through the Great Cyclothem and these have been placed at the author's 
disposal. I t was i n t h i s paper that the term Great Cyclothem f i r s t 
appeared i n p r i n t . 
Recently, the geology of the Moor House Nature Reserve has been 
investigated i n great d e t a i l by Johnson (Johnson and Dunham, 1 9 6 2 ) . 
During t h i s survey the development of the cyclothem i n the Cross F e l l -
Great Dun F e l l area was examined. 
The works referred to below, each of which considers the cyclothem 
within a specific area, are either theses or papers based on theses which 
were presented for the degree of Doctor of Philosophy by the various 
authors. L i t t l e information regarding them w i l l be given here as they 
w i l l be f u l l y referred to i n the tex t . Fig. 2 shows the positions of 
the areas involved i n these works, as well as those for some of the more 
important works mentioned above. 
Short ( 195^ ) covered the northern part of the Pennine Escarpment 
from Ardale, below Cross F e l l , to Croglin Water, thus overlapping on to 
the southern part of the Brampton sheet (Trotter eind Hollingworth, 1932), 
The south-east part of the Alston Block, between Middleton-in-
Teesdale and Woodlands, was considered by Jones ( 1 9 5 6 ) . 
The Cotherstone Syncline and Askrigg Block have been almost completely 
resurveyed by recent workers, the only large area of Carboniferous rocks 
remaining to be studied being that between Ingleborough and Coverdale, 
south of the Ure. 
Reading (195^ and 1957) investigated the Cotherstone Syncline, 
overlapping the ground considered by Turner (1935) to a small extent 
i n the west. Reading, however, gives complete stratigraphical details 
whereas Turner was mainly interested i n the tectonics of the area. 
An extremely large area was covered by Wells (1955a, 1955b and 1957) 
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who, i n particular, investigated the development of chert within the 
Great Cyclothem and the cyclothems immediately above and below. A l -
together k30 square miles of North Yorkshire were considered. Wells 
showed that Dakyns et al.(189O and I891) and Hudson (192^ and 19^1) 
were incorrect i n correlating the cherty Black and Red Beds with the 
•Coal S i l l s ' because the Red Beds are components of his Richmond Chert 
Series which overlie the L i t t l e Limestone, the base of which forms the 
top of the Coal S i l l s Group. 
Rowell and Scanlon (Rowell, 1953 and Scanlon, 1955; j o i n t l y , 1957a 
and 1 9 5 7 b ) , working to the west of Wells, investigated the north-west 
quarter of the Askrigg Block, The L i t t l e Limestone "Pipe Bed", which 
has since proved to be an extremely useful marker horizon, was i n i t i a l l y 
discovered by these workers and then independently recognized by Wells 
(op. c i t . ) and Wilson (1957 and 196O). 
Only the beds up to the top of the Great Limestone were examined 
by Moore (1955, 1958, 1959 and 196O) i n Upper Wensleydale and the ad-
jo i n i n g areas since the higher strata had been adequately considered by 
Wells (op. c i t . ) . On the basis of his investigation Moore puts forward 
a revolutionary theory to explain the sedimentation i n the Yoredales. 
Hicks (1958 and 1959) completed the coverage of the west side of 
the Askrigg Block working to the south of Rowell and Scanlon. Of 
particular interest i n his area i s the coarse grained, garnet-rich 
sandstone of the Coal S i l l s Group which Wells (op. c i t . ) mistook as the 
basal Millstone Grit component. 
The only other recent work on the Askrigg Block which i s of import-
ance here i s that of Wilson (1957 and 196O). The area examined l i e s i n 
the south-east part of the Block, embracing Coverdale and the adjacent 
valleys. Small isolated patches of chert and shale were shown to be 
developed between the Great and L i t t l e Limestones of this area, but 
normally the two limestones are i n contact and frequently csinnot be 
recognised as separate units. Wilson's area overlaps that of Wells to 
a small extent i n the north. 
Summarizing the sit u a t i o n as i t was at the commencement of the 
present investigation, a great deal of detailed information regarding 
the Great Cyclothem, widely scattered over Northern England had appeared, 
but apart from the l i m i t e d work of Wells (op. c i t . ) on the cherty facies, 
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no attempt had been made to organize the data so as to obtain a picture 
of the changing conditions of sedimentation at the inception of Upper 
Carboniferous times. The following work i s an attempt to remedy this 
s i t u a t i o n i n order to assess the conditions of deposition sind recons-
t r u c t the peQ-aeogeography of the Yoredale delta and adjacent areas 
p r i o r to and during one of the delta's major advances. 
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CHAPTER I I 
STRATIGRAPHICAL POSITION 
The position of the Great Cyclothem i n relation to adjacent units 
of the l i t h o l o g i c a l sequence i s shown i n the following table which l i s t s 
the limestones forming the basal members of the cyclothems above and 
below i t on the Northumbrian Block, 
ALSTON BLOCK ASKRIGG BLOCK 
Crag Limestone Crow Limestone 
L i t t l e Limestone L i t t l e Limestone 
J. T. J . T Great Cyclothem J" „ . ,. Great Limestone .T L Main Limestone 
Four Fathom Limestone Undersett Limestone 
Three Yard Limestone Three Yard Limestone 
P h i l l i p s ' (1836) Yoredale Series had as i t s upper-most member the 
Main (= Great) Limestone, the strata above this being included i n the 
Millstone Grit Series. The Yoredale Series has since been extended 
considerably higher than that of P h i l l i p s , the various surveyors (for 
example, the Primary Surveyors, I86O - I89O) and authors making their 
own particular selection for a base to the Millstone G r i t . More recently 
Yoredale or Yoredaleian has been employed as a facies term to describe 
the eilternating limestone, shale, sandstone sequence typical of the 
Lower Carboniferous i n much of Northern England; for example, Hickling 
(1931). Thus, despite the decision of a Committee of the B r i t i s h Assoc-
i a t i o n i n 1 9 2 5 , the term has l a t t e r l y been used with no very s t r i c t 
s t r a t i g r a p h i c a l meaning but i t i s a convenient term to describe the 
facies. A Yoredale facies i s developed above the Great Limestone north 
and west of the type area of Wensleydale. 
The base of the Great Limestone was taken as the base of the Bernic-
ian Upper Limestone Group by Carruthers ( 1 9 2 3 ) , a practice adopted subse-
quently by various authors, for example. Trotter and Hollingworth ( 1 9 3 2 ) 
and Dunham ( 1 9 ^ 8 ) . This grouping was based on the coral-brachiopod 
zones established by Smith ( 1 9 1 0 ) who was aided i n his work i n North-
umberland by Vaughan, the originator of the coral-brachiopod zonal 
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sequence f o r the B r i s t o l area ( 1 9 0 5 ) . The Middle-Upper Limestone Group 
junction, at the base of the Great Limestone, corresponded to Smith's 
D^^jAiy boundary. Johnson ( 1 9 5 9 ) has reviewed the coral-brachiopod zonal 
position of the Carboniferous rocks i n western Northumberland and conclu-
ded that the top of the Dibunophyllum zone l i e s between the Four Fathom 
and Great Limestones. Thus the Great Cyclothem and succeeding strata l i e 
above the D zone of Vaughan. Obviously, t h i s i s why Smith had to erect 
his extra sub-zone, D , i n order to f i t the upper part of the so-called 
Lower Carboniferous sequence of Northern England into the coral-brachiopod 
zonal scheme. 
Only recently has i t been possible to place the Carboniferous 
sequence of north-east England into i t s correct position i n the goniatite 
zonal scheme originated by W. S. Bisat (192'f). Although the d i s t r i b u t i o n 
of goniatites i s r e l a t i v e l y sparse i n rocks of Yoredale facies, careful 
and d i l i g e n t search has brought to l i g h t severeil goniatite-bearing 
horizons i n the last few years. The discovery by the author and Dr. G. 
A. L. Johnson of several small goniatites i n shales just above the L i t t l e 
Limestone warrants an appraisal of those previous goniatite finds which 
have a bearing on the zonal position of the Great Cyclothem. Also, during 
the l a s t few years em amateur geologist friend of the author, Mr. R. A. 
Fairbairn, has collected six goniatites from the shales which occur 
immediately above the Great Limestone at Greenleighton Quarry, Northumber-
land. The c r i t i c a l zonal significance of these goniatites was not r e a l -
ised i n i t i a l l y by Mr. Fairbairn, but the author has had them examined by 
Dr. Rsunsbottom and Mr. Bisat who confirmed his and Dr. Johnson's tentative 
i d e n t i f i c a t i o n of them. The horizons from which goniatites and related 
faunas have been collected are enumerated below. The l i s t has been 
compiled from works by Dunham ( 1 9 ^ 8 ) , Trotter ( 1 9 5 2 ) , Rayner ( 1 9 5 3 ) , 
Rowell and Scanlon (195*;^, Johnson ( 1 9 5 9 ) , Wilson (196O) and original 
work by the author and his co-workers (Johnson, Hodge and Fairbairn, 
1 9 6 2 ) : -
( i ) Sudeticeras adeps Moore, P 2 , from shales above the 
Acre Limestone on Holy Island and c.f. Sudeticeras adeps 
Moore,- from a similar horizon at Ancroftsteads Limeworks, 
three miles north of Lowick. Both were collected by J, 
Rhodes (Trotter, 1952 and Rayner, 1 9 5 3 ) . The Acre Lime-
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stone has been correlated with the Three Yard Lime-
stone of the Northumbrian Fault-Block (Johnson, 1959). 
( i i ) Girtyoceras? costatum Ruprecht, high ^2^^ 
associated with Girtyoceras sp,, Sudeticeras sp, juv, 
£ind Caneyella [Posidonia] membranacea (M'Coy), from 
shales above the Undersett (= Four Fathom) Limestone 
i n the Mount Pleasant water boring, near Barnard 
Castle, (see Fig, 4a f o r the exact horizon). The 
fauna was collected by Dr. Johnson and the goniatites 
determined by Dr. Stubblefield and Mr, Bisat (Rayner, 
1953 and Johnson, 1959). 
( i i i ) Tylonautilus nodiferus (Armstrong) early mut,, 
i n association with Caneyella [Posidonia] membranacea 
(M'Coy); t h i s f i n d i s considered to be indicative of 
highest P2 or low E^, although Trotter (1952) and 
Rowell and Scanlon (1957) have indicated that 
T,nodiferus early mutation ranges throughout E^, 
The f o s s i l s were collected by Dr, Johnson from shales 
above the Four Fathom Limestone i n Chineley Burn, above 
Bardon M i l l , Northumberland (Johnson, 1959). 
( i v ) ?Cravenoceras sp,, E^ ; collected by Dr. Wilson 
and i d e n t i f i e d by Dr, Ramsbottom, The specimen i s a 
single fragmentary goniatite collected from shales 
approximately 20 feet above the Undersett Limestone 
(Wilson, 1960), 
(v) Eumorphoceras pseudobilingue (Bisat), ; 
collected by Dr, Hudson from shales immediately below 
the limestone on Fountains F e l l which i s usually 
considered to be the Main, Some doubt has been cast 
on the i d e n t i f i c a t i o n of t h i s limestone as the Main 
by Trotter (1952), The limestone occxirs i n very poorly 
exposed ground but i n the l i g h t of the goniatite 
discoveries l i s t e d here i t would seem l i k e l y that i t 
i s the Main, I d e n t i f i c a t i o n of the goniatite was by 
Mr. Biaat, This record (Hudson, 19^1) i s confirmed 
by Black (1950) though the Eumorphoceras of Black was 
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Fig. k 
Sections to show the st r a t i g r a p h i c a l position of 
the more important goniatite-bearing horizons. 
(a) Barnard Castle Borehole 
(b) Greenleighton Quarry 
(c) Swinhope area 
Fig. 4. 
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considered by Mr. Bisat to be an earlier species than 
that of Hudson, 
( v i ) Cravenoceras leion Bisat, E^, collected by Mr, 
R. A. Fairbairn and passed on to the author for i d e n t i -
f i c a t i o n , t h i s being kindly carried out by Dr, Rams-
bottom and Mr, Bisat. The six goniatites were a l l 
collected from t i p material of a quarry which i s worked 
i n the Great Limestone near Greenleighton Farm, North-
•1 
umberland (45/035916) . At t h i s quarry a peculiar 
method of removing the overburden from the limestone 
i s employed because i t i s bull-dozed to the top of the 
quarry and piled behind the working face. The goniatites 
were collected from these piles of t i p material and were 
found to be associated with a characteristic nodule 
l i t h o l o g y . Nodules of similar lithology are concen-
trated i n s i t u at a l e v e l approximately 12 feet above 
the limestone top and i t seems reasonably certain that 
t h i s i s the horizon from which the goniatites originated. 
Unfortunately no goniatites have been found i n s i t u but 
the shales contain a p r o l i f i c fauna which includes 
abundant Chonetes and Eomarginifera, as well as 
Schuchertella, Ceimarotoechia, Sanguinolites, Edmondia, 
Nuculopsis, Nuculsma, Leptaena, Lingula, Orbiculoidea 
and large crinoid stems. Occasional t h i n , impersistent, 
s i l t y , very f o s s i l i f e r o u s calcareous bands occur i n the 
shales which grade into a very flaggy sandstone 23 feet 
above the limestone top. 
Because of t h e i r p r o l i f i c fauna and the presence 
of t h i n calcareous bands i t i s considered that at least 
the lower part of the shales are l a t e r a l l y equivalent to 
and have replaced the upper part of the limestone as 
developed farther south on the Northumbrian Fault-Block, 
Fig. 4b shows the section at Greenleighton Quarry 
and the supposed position of the goniatites, whilst Fig. 5 
1 : Eight figure niunbers i n brackets are National 
Grid References. 
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Fig. 5 
Cravenoceras leion Bisat, Greenleighton Quarry, Northumberland. 
A l l specimens x 3»5 
(Numbers i n brackets are Geological Survey specimen catalogue numbers) 
(a 
(b 
(c 
(d 
l a t e r a l view of a complete specimen with 
a constriction (GSL. L Z 3^6). 
l a t e r a l view of specimen (a) broken open 
to show fine ornament (GSL. L Z 3^6). 
ventral view of (b) showing fine ornament 
(GSL. LZ3406). 
as (c) but iinder l i q u i d and showing a suture 
which i s approximately picked out by a colour 
change (GSL. LZ3406), 
(e) l a t e r a l view of a specimen to show the 
general form, 
( f ) l a t e r a l view of general form (specimen 
s l i g h t l y d i s t o r t e d ) , 
(g) ventral view of specimen ( f ) showing a 
distorted suture picked out by a colour 
change, 
(h) l a t e r a l "view shoxiring fine ornament on a 
s l i g h t l y distorted specimen (GSL. LZ3 '^7)« 
( i ) ventral view of (h) (GSL. LZ3407). 
( j ) ventral view of the largest specimen collected 
(pock-marking i s a secondary e f f e c t ) , 
(k) l a t e r a l view of ( j ) . 
(a) 
Fig, 5 
( f ) (g) 
( i ) ( j ) (k) 
shows the general form and specific features of the 
goniatites. S t a t i s t i c a l data for the goniatites axe 
given i n Table I . The specimens f i t well i n t o the 
C. le i o n species group and have shells of subglobose 
form with an open umbilicus of a width about one-
fourth of the diameter of the s h e l l . The venter and 
flanks are broadly rounded and nearly semicircular i n 
outline. The external ornament i s well preserved i n 
some specimens (Fig. 5b, c, h, and i ) and consists of 
closely-set, t h i n , non-crenulate transverse st r i a e , 
emerging from the umbilicus i n a s l i g h t l y forward 
direction and bending to form a very shallow sinus 
over the venter. Shallow constrictions are developed 
on the shells. The suture l i n e i s well displayed on 
some of the specimens (Fig. 5d and g) and shows the 
broadly rounded ventral saddles and narrow laterail 
lobes. 
Table I 
Dimensions of Cravenoceras leion Bisat from 
Greenleighton Quarry, Northumberland. 
Specimen No, Diameter 
(mm.) 
Thickness 
(mm.) 
Umbilicus 
(mm,) 
5a,b,c and d 13.5 9.5 3.0 
5e 11,0 7.0 2,5 
5 f and g 13.0 8.5 2,5 
5h and i 10,5 7.0 2,0 
5 j and k 14.0 10.5 3.5 
Specimens 5a and 5h have been presented to the 
Geological Survey and are housed at the Leeds 
Office, Their catalogue numbers are GSL. LZ3406 
and GSL. LZ3407 respectively. The rest are i n 
Mr, R. A. Fairbairn's private collection at New-
castle. 
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F i g . 6 
Cravenoceras a f f . malhamense ( B i s a t ) , Swinhope Burn, E a s t A l l e n d a l e 
A l l specimens x 5. 
(Nxunbers i n brackets are Geo l o g i c a l Survey specimen catalogue numbers) 
( a ) l a t e r a l viev; showing the r a i s e d u m b i l i c a l 
rim (GSL. LZ3409). 
(b) v e n t r a l view of a l a t e x c a s t made from a 
n a t u r a l e x t e r n a l mold with a suture p r o f i l e 
e x h i b i t e d (GSL. LZ34o8). 
( c ) l a t e r a l view of (b) with poorly defined 
s u t u r e _ l i n e s (GSL. LZ3408), 
(d) l a t e r a l view of a l a r g e specimen showing 
the general form with a c o n s t r i c t i o n , 
( e ) v e n t r a l view to show ornament w i t h the 
marked hyponomic s i n u s (GSL. LZ3410), 
( f ) l a t e r a l view of ( e ) showing the wide 
ximbilicus and r a i s e d u m b i l i c a l rim 
(GSL. LZ3410), 
(g) o b l i q u e - l a t e r a l view showing the r a i s e d 
u m b i l i c a l rim (GSL. L Z 3 4 l l ) . 
(h) v e n t r a l view of (g) showing the marked 
hyponomic s i n u s (GSL. LZ3411). 
Cravenoceras sp., Swinhope Borehole No. 3, E a s t A l l e n d a l e 
Specimen x 5* 
( i ) l a t e r a l view of a fragmentary specimen 
showing the umbilicus and orneiment. 
F i g . 6 
f 
s 
(a) (b) 
(e) ( f ) 
(d) 
0\ 
(g) ( i ) 
Hopeheod 
1 
Swinhopehea 
Reservoir 
Swinhope Mine y 
^ Incline ^^^y^y;. 
F i g . 7 . Geological Sketch Map of the Swinhope Area. 
The g o n i a t i t e l o c a l i t y i s marked X, 
( v i i ) T y l o n a u t i l u s nodiferus (Armstrong) earl y mut., 
; c o l l e c t e d by Rhodes (Hind 1901) from the upper 
l e a f of the Great Limestone i n Smithy G i l l , Swarth 
F e l l (3V77^963). The h i s t o r y of t h i s specimen i s 
reviewed by Rowell and Scanlon (1957a). 
( v i i i ) Cravenoceras sp., "between malhamense and 
cov;lingense", and Eumorphoceras sp. were reported 
from a f a u l t e d block of what was considered to be 
possibly the Tumbler Beds of the Great Limestone 
by Shotton and T r o t t e r (1936), the l o c a l i t y being 
at Star Hows, Ardale Beck, below Cross F e l l . John-
son (1959) has r e c e n t l y c o l l e c t e d Cravenoceras sp. 
nov. and Kazakhocerae [Neodimorphoceras] sp. from 
the same l o c a l i t y , the i d e n t i f i c a t i o n being c a r r i e d 
out by Mr. Bi s a t . These g o n i a t i t e s i n d i c a t e an E 
age but Johnson (op. c i t . ) considers the horizon t o 
be above the Great Limestone. Short (195^) also 
decided, ori the basis of the micro-fauna, th a t t h i s 
horizon was considerably higher than the Great Lime-
stone as had Johnson ( i n l i t t . t o Rayner, 1953) on a 
s i m i l a r basis. 
( i x ) Cravenoceras a f f . malhamense ( B i s a t ) , E^, 
c o l l e c t e d by the author and Dr. G. A. L. Johnson 
from shales l4'6" above the top of the Upper L i t t l e 
Limestone i n Swinhope Burn, East Allendale. S i m i l a r 
fragmentary g o n i a t i t e s , i d e n t i f i e d as Cravenoceras 
sp., were found almost synchronously i n the New 
Consolidated G o l d f i e l d s Swinhope Boreholes at 
approximately the same horizon (Dunham and Johnson, 
1962). The g o n i a t i t e horizons are shown on F i g . 4c 
and the surface l o c a l i t y on F i g . 7. The surface 
specimens were k i n d l y examined by Dr. Ramsbottom and 
Mr. B i s a t , the former g i v i n g the f o l l o w i n g i d e n t i f i -
c a t i o n and d e s c r i p t i o n : -
"These are Cravenoceras sp., but there are a 
number of unusual features - notably the raised 
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u m b i l i c a l r i m ( F i g . 6a) and the marked hyponomic 
sinus ( F i g . 6e), 
"A r a i s e d u m b i l i c a l rim i s known i n 
examples of comparable size i n both C. l e i o n 
and le s s d e f i n i t e l y i n C. mailhamense, but these 
species do not show any hyponomic sinus. The 
only Cravenoceras example seen which shows any 
hyponomic sinus a t t h i s size ( c . 8 mm.) i s 
C. cowlingense from the same e r r a t i c block i n 
Keighley churchyard which y i e l d e d the types of 
Anthracoceras c h e r r y i ( B i s a t ) . 
"The ornament of.the specimens i s , apart 
from the sinus, very close to t h a t of C. malhamense 
and Cravenoceras a f f , malhamense (B i s a t ) would seem 
to be the best name f o r these specimens u n t i l more 
i s known about the Cravenoceras succession i n E^»" 
Table I I 
Dimensions of Cravenoceras a f f . malhamense (B i s a t ) 
from Swinhope Burn, East Al l e n d a l e , Northumberland. 
Specimen No. Diameter Thickness . Umbilicus 
(mm.) (mm.) (mm,) 
6a 6.0 - 2.0 
6b £ind c ^.0 3.5 1.5 
6d 8.0 ^.5 2.0 
6e and f 5.0 ^.0+ 2.5 
6g and h 3.0 2.0 1.0 
6 i 5.0 - 1.5 
Specimens 6a, 6b, 6e and 6g have been presented to 
the Geological Survey and are housed a t the Leeds 
O f f i c e . Their catalogue numbers are GSL. LZ3^9, 
GSL. LZ3^8, GSL. LZ3^10 and GSL. LZ3'H1 respec-
t i v e l y . The other specimens are i n the c o l l e c t i o n 
of the Department of Geology at Durham. 
Several specimens were c o l l e c t e d and the 
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b e t t e r ones are shown i n F i g . 6 to i l l u s t r a t e t h e i r 
general form and the s p e c i f i c features mentioned by 
Dr. Ramsbottom. Table I I gives s t a t i s t i c a l d e t a i l s 
f o r the g o n i a t i t e s . The s h e l l s are of cadicone form 
w i t h wide umbilicus and broad venter (Fig. 6a to h ) . 
Ex t e r n a l ornament consists of d e l i c a t e , transverse 
s t r i a e , non-crenulate and non-dichotomizing, w i t h a 
marked hyponomic sinus on the venter ( F i g . 6e ) . The 
sutures are not w e l l shown but the general o u t l i n e 
can be made out i n some of the specimens ( F i g . 6b 
and c ) , 
The s t r a t i g r a p h i c a l p o s i t i o n of these g o n i a t i t e s 
was not c e r t a i n when they were f i r s t discovered. The 
limestone exposed below the shale i n which they occur 
was mapped as an i n l i e r of L i t t l e Limestone by the 
Primary Surveyors. I t was nevertheless thought at 
f i r s t t h a t t h i s exposed limestone was r e a l l y the upper 
p a r t o f the Great Limestone, because i t s top l i e s 22 
f e e t below the proved top of the Great Limestone and 
86 f e e t below the L i t t l e Limestone top i n the Swinhope 
Mine I n c l i n e . The i n c l i n e head i s 1,650 f e e t west of 
the nearest limestone outcrops and no f a u l t s were 
proved i n the i n t e r v e n i n g ground during mining oper-
a t i o n s . However, a dip of 3 ° i n an ea s t e r l y d i r e c t i o n 
was noted i n the s t r a t a of the i n c l i n e ; t h i s would 
p r e c i s e l y carry the L i t t l e Limestone down to the 
p o s i t i o n o f the limestone outcrops i n Swinhope Burn 
i f i t was maintained. I n order to e s t a b l i s h the 
i d e n t i f i c a t i o n of the limestone as the L i t t l e , the 
s t r a t i g r a p h y of the area was i n v e s t i g a t e d more f u l l y , 
the r e s i d t s being shown i n Figs, he and 7. The 
v e r t i c a l s e ction ( F i g . kc) shows that there i s no 
t h i n coal i n the beds o v e r l y i n g the limestone i n the 
stream (shown as the L i t t l e Limestone) whereas i n the 
i n c l i n e s e c t i o n a 6" shaly coal occurs 15 f e e t above 
the Great Limestone top. This t h i n coal seam i s kijpwn 
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to p e r s i s t over a wide area, but i t can be seen th a t 
t h i s i s almost exactly the p o s i t i o n above the li m e -
stone i n question t h a t the g o n i a t i t e s were discovered. 
Mapping also showed t h a t the Pattinson S i l l and F i r e -
stone S i l l could be traced around the area ( F i g . 7) 
g i v i n g a completely d i f f e r e n t sequence from t h a t occur-
i n g immediately above the Great Limestone i n the i n c l i n e . 
I t was thus concluded t h a t the g o n i a t i t e s occur l 4 ' 6 " 
above the L i t t l e Limestone, the i d e n t i f i c a t i o n of the 
limestone by the Primary Surveyors being substantiated. 
The g o n i a t i t e s , which appear to be confined to 
one band, were found i n a micaceous, s l i g h t l y s i l t y 
shale w i t h smeill ironstone nodules; contaiined i n the 
shale i s some comminuted plant m a t e r i a l eind the 
occasional brachiopod and lamellibranch i n c l u d i n g 
Chonetes and indeterminate O r t h o t e t i d s . The shale 
becomes more s i l t y upwards and grades i n t o the P a t t i n -
son S i l l . 
A wider and, i n p a r t s , more comprehensive account of the g o n i a t i t e s 
and r e l a t e d faunas p e r t a i n i n g to the Vis^an-Namuriaji boundeo-y i s t o be 
found i n Johnson, Hodge and F a i r b a i r n (1962). 
The g o n i a t i t e zonal scheme i n v o l v i n g the species l i s t e d above i s 
summarized i n Table I I I which has been drawn up from the work of Bisat 
(1924, 1928, 1930 and 1950), S t u b b l e f i e l d ( i n Stephens et aL, 1953) 
Ramsbottora ( i n Earp et a l ^ 196I) and Ramsbottom and Hodson (personal 
coimnunication by Dr. Ramsbottom). 
From a consideration of a l l the records, and i n p a r t i c u l a r ( i i ) , 
( i i i ) , ( i v ) and ( v i ) , i t i s obvious t h a t the Visean-Namuricin boundary 
l i e s some l i t t l e way above the top of the Four Fathom Limestone. Thus, 
the Great Cyclothem l i e s completely i n E^, ranging from E^a upwards. 
However, the f u l l range of the cyclothem cannot be given because of the 
i m p o s s i b i l i t y of being absolutely s p e c i f i c i n the i d e n t i f i c a t i o n of the 
g o n i a t i t e s from Swinhope ( i x ) . I t would not be prudent to be more than 
speculative about t h e i r absolute age especially when t h e i r character-
i s t i c s comparable w i t h C. l e i o n (E^a) and C. cowlingense (low E^) are 
taken i n t o consideration. How much emphasis can be placed upon the 
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E. pseudobilingue f i n d from Fountains F e l l (v) i s debatable because of 
the u n c e r t a i n horizon a t t h i s l o c a l i t y . The g o n i a t i t e s from Cross F e l l 
( v i i i ) are of no importance here as i t i s almost c e r t a i n that they 
come from a higher l e v e l i n the sequence than o r i g i n a l l y suggested. 
Also, i t cannot be claimed t h a t there i s no doubt surrounding the 
T. nodiferus record from the upper l e a f of the Main Limestone ( v i i ) . 
There has been some confusion as t o i t s correct s t r a t i g r a p h i c e i l horizon 
but Rowell and Scanlon (195')%) assert t h a t i t comes from the horizon 
st a t e d above, ra t h e r than the Upper L i t t l e Limestone. Nevertheless, i t 
i s unimportant to be s p e c i f i c about the horizon since i t i s known t h a t 
t h i s f o s s i l ranges throughout E^  ( T r o t t e r , 1952) and, on the basis of 
independent evidence, i t i s c e r t a i n t h a t both the Great and L i t t l e 
Limestones occur w i t h i n E^. 
The most important conclusion of t h i s d e l i b e r a t i o n i s that the 
Visean-Namurian (P2/E^) j u n c t i o n l i e s between the Four Fathom and Great 
Limestones. This conclusion had t e n t a t i v e l y been reached by Rayner 
(1953) and more c e r t a i n l y by Rowell and Scanlon (1957^ and Johnson (1959). 
I t has been suggested t h a t the base of the Great Limestone be defined as 
the Vis^an-Neanuriein boundary (Rayner, op. c i t . , concurred by Johnson, op. 
c i t . ) . There would then be a zonal boundary combined w i t h a good mapp-
able horizon t o demarcate the j u n c t i o n between the Lower and Upper 
Carboniferous ( M i l l s t o n e G r i t S e r i e s ) . I t must be emphasised t h a t t h i s . 
suggestion i s i n harmony w i t h a l l the new and e x i s t i n g evidence. The 
only d i s t r i c t i n Northern England i n which t h i s combination might be 
d i f f i c u l t t o apply i s West Ctunberland where the Survey did not f i n d i t 
possible t o map the representatives of the Four Fathom and Great Lime-
stones as separate u n i t s . This does not imply t h a t there i s not a 
p a r t i n g between the limestones since between 5 and 27 feet of s t r a t a 
have been reported between the two (Eastwood et al., 1931)* Now that the 
f u l l s i g n i f i c a n c e of the Great Limestone base i s r e a l i z e d i t may even-
t u a l l y prove possible t o separate the two limestones. 
On the other hand, on the basis of thickness and l i t h o l o g y the 
Great i s comparable w i t h those limestones occurring below i t rather them 
those above. Consequently T r o t t e r (196O) has suggested that i t would be 
more s a t i s f a c t o r y t o place the Visean-Namurian boundary at the top of 
the Great Limestone, r a t h e r than the base. I n f a c t , on the 1" Geological 
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Survey Cockermouth Sheet: (New Series 23» 1959) , the boundary has been 
drawn i n t h i s p o s i t i o n . The M i l l s t o n e G r i t Series does not then include 
the t h i c k e s t Yoredeile limestone. Nevertheless, t h i s i s here considered 
t o be inadvisable f o r the f o l l o w i n g reasons:-
( i ) The top of the limestone i s not as e a s i l y and 
accurately mapped as the base. 
( i i ) As compared w i t h the base, the limestone top 
i s markedly diachronous, the top of the mappable and 
massive part of the limestone being progressively 
replaced northwards by calcareous shede containing 
occasional t h i n limestone bands. This does not deny 
t h a t there may be s l i g h t diachronism at the limestone 
base (though t h i s has never been demonstrated), but 
onset of limestone deposition, p a r t i c u l a r l y t h a t of 
the Great, i s usu a l l y taken t o represent a sudden and 
widespread marine transgression over the whole area of 
Northern England. 
( i i i ) The base of the Great Limestone i s a very close 
approximation to the '9^/'£,^ time l i n e and the use of i t 
avoids the i n t r o d u c t i o n of amy s u b s t a n t i a l discrapancy, 
which would be introduced i f the limestone top were 
used. The Four Fathom Limestone top could not be used 
f o r the same reasons as those stated ageiinst the use 
of the limestone top i n 1 and 2 . 
( i v ) The use of the g o n i a t i t e zonal scheme i s an 
attempt t o b r i n g order t o the e a r l i e r somewhat a r b i t r a r y 
and l o c a l d i v i s i o n of the Carboniferous. Any attempt t o 
depart f u r t h e r than necessary from the syste m a t i c a l l y 
defined boundary i s t o be avoided since t h i s would be a 
p a r t i a l r e t u r n t o the o r i g i n a l a r b i t r a r y system. I n 
c e r t a i n areas l o c a l conditions have d i c t a t e d some depart-
ure from the scheme, f o r example, as i n the Clitheroe 
Memoir (Earp et a l ^ 1 9 6 l ) , f o r mapping purposes, but 
whether t h i s i s advisable i s debatable. 
Thus, i t can be seen from the above that i t i s ioore reasonable to 
place the boundary between the Lov^ e^r and Upper Carboniferous i n Northern 
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England a t the Great Limestone base i n the absence of a mappable 
horizon a t the s p e c i f i c j u n c t i o n . 
On the basis of independent psilaeontological evidence, Currie 
(195^ ) lias shown t h a t i n the Midland Valley of Scotland the base of 
the Top Hosie Limestone l i e s at the base of the E zone. This i s 
confirmation of the p o s i t i o n of the Visean-Namurian boundary because 
i t has been "generally agreed" t h a t the Top Hosie i s the l a t e r a l 
equivalent of the Great Limestone ( T r o t t e r , 1 9 5 2 ) . 
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CHAPTER I I I 
THE GREAT LIMESTONE AND ITS LATERAL EQ.UIVALENTS 
GENERAL 
The Great Limestone i s known throughout Northern Englsind but has been 
given d i f f e r e n t names i n the various areas which i t i s found. Equivalent 
s t r a t a i n the Midland Vsilley of Scotland a l s o go under a v a r i e t y of names 
as a r e s u l t of the widely separated outcrops. The d i f f e r e n t names arose 
before geology became a systematized s c i e n c e but subsequently c o r r e l a t i o n s 
have been achieved by d i r e c t mapping and by u t i l i z i n g the palaeontology. 
The c o r r e l a t i o n s so e s t a b l i s h e d are shown i n Table IV. 
The Great i s the t h i c k e s t limestone of the Yoredale f a c i e s and i t 
a l s o r e t a i n s a reasonably p e r s i s t e n t l i t h o l o g y and fauna. Usually, i f 
not masked by boulder c l a y or peat, the limestone supports a short sweet 
green grass which i n many cases i s c l e a r l y d i s t i n g u i s h a b l e from that 
supported by other rocks and, therefore, a i d s i n mapping. Because of i t s 
t h i c k n e s s the limestone frequently forms a prominent feature, i t s top i s 
almost i n v a r i a b l y marked by l a r g e shake holes and outcrops are not uncommon. 
Consequently i t can be mapped a c c u r a t e l y and the base of i t forms an 
e x c e l l e n t datum l i n e . I t might be emphasized here that care has to be 
e x e r c i s e d i n the use of feature-mapping f o r d e l i m i t i n g the limestone 
base, s i n c e i t has been foiind that i n a few places the apparent feature 
may suddenly t r a n s g r e s s the f u l l t hickness of the limestone; t h i s u s u a l l y 
appears to be due to boulder-clay or peat masking the true featur e . I n 
gener a l , however, the limestone forms a steep scarp with the base of the 
slope at or near the base of the limestone ( F i g . 8 ) . The use of the lime-
stone base as a datum l i n e f o r e l u c i d a t i n g the s t r u c t u r e of the North-
umbrian F a u l t - B l o c k i s w e l l known (Dunham, 1948 and 1 9 5 9 ) . 
The limestone i s important economically as the r i c h e s t s i n g l e ore-
bearing horizon of the Northern Pennine O r e f i e l d , i t s thickness, hardness 
and l i t h o l o g y having had a d i r e c t e f f e c t upon the m i n e r a l i z a t i o n i t 
contains, s i n c e approximately 30 per cent of the worked vein oreshoots 
and 70 per cent of the f l a t oreshoots on the Alston Block occur i n i t 
(Dunham, 1 9 4 8 ) . F u r t h e r d e t a i l s of the m i n e r a l i z a t i o n are to be found 
i n Dunham (op. c i t . ) . At a number of l o c a l i t i e s the limestone has been 
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Table IV 
C o r r e l a t i o n of the Great Limestone equivalents 
i n Northern England and Scotland. 
Area 
Midland V a l l e y of Scotland. 
Dunbar. 
North Northiunberland. 
Central Northumberland. 
South Northumberland. 
Canonbie D i s t r i c t . 
A l s t o n Block. 
Cotherstone Syncline. 
Askrigg Block. 
Craven Lowlands. 
Kirkby Lonsdale. 
Vale of Eden. 
North of Lake D i s t r i c t . 
West of Lake D i s t r i c t . 
North o f I s l e of Man. 
JTames of Limestone 
Top Hosie, Calderwood Cement. 
Beirness East. 
Dryburn, Ebbs Snook, No. 1, Great. 
Great, Ten Yard. 
Great. 
Ca t s b i t . 
Great. 
Great ( i n n o r t h ) , Madn ( i n south). 
Main, Coverhead, Twelve Fathom, Upper Scar. 
SCEile Haw. 
Main. 
Great S t r i c k l a n d , Kings Meaburn, Main, Great, 
Great, F i r s t . 
F i r s t , Brigham, B i g r i g g , Langhorn, Top. 
F i r s t , Great. 
extensively quarried f o r ironworks f l u x , road-stone and lime-burning, 
but i n recent years i t s use, except as a source of lime, has declined 
considerably. 
A t w o - f o l d l i t h o l o g i c a l d i v i s i o n , w i t h massive wavy-bedded li m e -
stone below, and limestone-with-shale above, can be recognized widely 
i n the Great Limestone and i t s equivalents. Three p e r s i s t e n t bios-
tromes have been recognized w i t h i n the massive limestone, the Chaetetes 
Band near the base, the Brunton Band below the middle, and the F r o s t e r l e y 
[Marble] Band above the middle. 
SUMMARIZED STRATIGRAPHY 
Thickness V a r i a t i o n 
The Great i s the t h i c k e s t of the Yoredale limestones but a consider-
able range i n thickness i s e x h i b i t e d over the whole area of i t s develop-
ment. 
The v a r i a t i o n i n thickness on the Alston Block i s i l l u s t r a t e d on 
Plate I I . I n t h i s region the average thickness l i e s between 60 and 65 
f e e t but i n the Stanhope neighbourhood the thickness does not f a l l below 
70 f e e t and a c t u a l l y reaches 82 f e e t at one p o i n t . At three other 
l o c a l i t i e s on the Block a thickness of 70 feet i s exceeded w h i l s t at one 
a minimum thickness of 40 f e e t has been recorded. There i s a regional 
t h i n n i n g of the limestone towards the northern and north-western 
e x t r e m i t i e s of the Block bordering the Northumbrian Trough; i n t h i s 
d i r e c t i o n i t appears t h a t the upper par t of the limestone passes i n t o 
shale thus reducing i t s thickness t o between 40 and 50 f e e t and possibly 
l e s s i n places. Another cause of t h i n n i n g i s erosion at the base of a 
washout-channel i n the o v e r l y i n g Coal S i l l s Group, the limestone having 
been reduced i n thickness to a minimum of 27 f e e t along a s t r i p which 
can be traced from St. John's Chapel southward t o Barras. S t i l l another 
cause of t h i n n i n g i s a process of m i n e r a l i z a t i o n and weathering known as 
"famping", which has caused the limestone to be a l t e r e d to an ochreous 
clay (feunp) a t a number of l o c a l i t i e s on the Alston Block. This famping 
involv e s a considerable reduction i n thickness of the limestone down to 
a minimum thickness of 13 f e e t . 
I n the Cotherstone Syncline the limestone shows r a p i d v a r i a t i o n 
between 40 and 85 f e e t t h i c k , the v a r i a t i o n s also being shown on Plate 
I I . A thickness of 102 f e e t may be a t t a i n e d at Lunehead Mine and IO8 
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f e e t of limestone has been recorded i n the River Belah to the west of 
the s y n c l i n e . 
The average thickness i n the northern part of the Askrigg Block 
i s s i m i l a r to t h a t f o r the Alston Block. However, i n the c e n t r a l 
region of the Block the average thickness i s over 80 f e e t w i t h a maximum 
of 130 f e e t being reached on Kisdon. I n the south-west and south-east 
e x t r e m i t i e s of the Block a r a p i d r e g i o n a l t h i n n i n g of the limestone has 
been noted, p a r t i c u l a r l y t o the south-east i n Coverdale where the lime-
stone t h i n s from 83 f e e t t h i c k to 5 or 10 feet t h i c k w i t h i n three miles 
i n a south-east d i r e c t i o n ; i n the south-west a thickness of 20 f e e t i s 
r a r e l y exceeded, the thickness f a l l i n g as low as 10 f e e t on Crag H i l l 
and 15 f e e t i n the Kirkby Lonsdale area to the west of the Block. There 
are also i n d i c a t i o n s of a southerly t h i n n i n g but the evidence f o r t h i s 
i s not absolute. The t h i n n i n g appears to be due to overlap against the 
u p l i f t e d ground known to have been developed i n l a t e times eilong the 
l i n e of the Middle Craven F a u l t . To the south of the u p l i f t e d ground the 
Scale Haw Limestone was l a i d down concurrently; t h i s limestone also t h i n s 
against the u p l i f t . The t h i n n i n g i s completely independent of the uncon-
formable transgression at the base of the Grassington G r i t as w e l l as the 
post u l a t e d erosion surface at the base of the L i t t l e Limestone. 
East of the exposed par t of the Northumbrian Fault-Block the lime-
stone shows no abrupt t h i n n i n g but v a r i a t i o n s i n thickness s t i l l occur. 
The t h i n n i n g of the limestone passing i n t o the Northumbrism Trough 
has already been mentioned. I n the southern part of the Trough the 
average thickness i s around 'fO f e e t , the range i n thickness being 35 to 
50 f e e t . These conditions appear t o p e r s i s t as f a r north as the River 
Wansbeck which forms the approximate southern boundary of an area i n 
which the limestone expands i n thickness due to the replacement by a 
"Tumbler Bed" l i t h o l o g y ( a l t e r n a t i n g shales and limestone beds) of the 
lower p a r t of the t h i c k shale sequence which normally o v e r l i e s the lime-
stone. I n the centre of t h i s area, between the River Coquet and Howick, 
the limestone varies i n thickness between 70 and 89 f e e t w i t h an average 
of 85 f e e t . To the north and south of the l a t t e r area a s i m i l a r s i t u a t i o n 
e x i s t s but the t o t a l thickness of the limestone does not exceed k3 f e e t . 
I n the i s o l a t e d area north of Lowick the limestone i s between 25 and 30 
f e e t t h i c k . 
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I n the Canonbie d i s t r i c t , which i s s i t u a t e d towards the northern 
side of the Northumbrian Trough, the limestone has been proved i n two 
boreholes to be 77 f e e t 9 inches and 73 f e e t 9 inches t h i c k r e s p e c t i v e l y ; 
i t i s ^ i i e v e r w e l l exposed,(^however) 
Between P e n r i t h and Appleby, i n the Vale of Eden, the limestone 
normally v a r i e s between 35 f e e t and 70 f e e t t h i c k but a thickness of 120 
f e e t i s a t t a i n e d l o c a l l y ; however, the average l i e s nearer to 35 or 40 
f e e t t h i c k . At the north end of the Lake D i s t r i c t the average thickness 
i s of the order of 65 f e e t w h i l s t on the west side of the massif the 
average thickness f a l l s to 45 f e e t , w i t h a range between 27 and 67 f e e t . 
At the northern end of the I s l e of Man the limestone which i s prob-
ably equivalent to the Great v;as proved i n a borehole to be 43 f e e t t h i c k , 
L i t h o l o g y 
Over much of Northern England the limestone i s d i v i s i b l e i n t o two 
d i s t i n c t components, the lower of massive limestone and the upper an 
a l t e r n a t i n g series of shales and limestones known as the Tmnbler Beds, 
The r e l a t i v e proportions of the two components i s v a r i a b l e and sometimes 
Tumbler Beds may be completely absent. 
Massive Limestone,- The base of the limestone i s fr e q u e n t l y sharp 
but a t a number of l o c a l i t i e s there i s a gradation up from f o s s i l i f e r o u s 
calcareous sandstone. The basail few f e e t are generally dolomitized and 
brownish i n colour, but o v e r a l l the massive component i s blue-grey to 
pale grey i n colour and f i n e grained. However, i n north Northumberleuid 
the f u l l thickness i s o f t e n considerably dolomitized. The massive 
component was designated the Main Posts by T r o t t e r and Hollingworth (1932) 
1 
and i t i s u s u a l l y d i v i s i b l e i n t o a series of posts of variable thickness 
which are o f t e n separated from one another by c h a r a c t e r i s t i c wavy bedding 
plEines; i n d i v i d u a l posts appear to be p e r s i s t e n t over a considerable area. 
S t y l o l i t e s are very common and i r r e g u l a i r streaks of c r i n o i d a l bitxminous 
m a t e r i a l are f r e q u e n t l y seen. Chert nodules up to 1 f o o t long are present 
i n bands between 6 and 17 f e e t above the limestone base on the Alston Block 
and are scattered throughout the limestone on the Askrigg Block, I n the 
north-east p a r t of the Askrigg Block the s i l i c a content of the limestone 
1: I n d i v i d u a l l a y e r s w i t h i n the limestone separated by bedding 
planes. The term i s also used to describe beds of sandstone, 
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i s as high as 10 per cent whereas i t r a r e l y r i s e s above 1 to 2 per cent 
around Stanhope on the Alston Block. I n West Cumberland l e n t i c l e s of 
laminated or calcareous sandstone occur i n the body of the limestone. 
The t h i c k n e s s of the massive limestone v a r i e s considerably and on 
the A l s t o n Block ranges from 57 f e e t to 28 f e e t . To the south, on the 
Askrigg Block, the Tumbler Beds are poorly developed or absent and often 
there i s over 80 f e e t of massive limestone. I n the Northumbrian Trough 
the upper p a r t of the massive limestone of the Block i s replaced by 
Tumbler Beds and shsile and consequently i t i s thinner, varying from l 8 
to 37 f e e t t h i c k . However, i n the Canonbie d i s t r i c t p r a c t i c a l l y the whole 
of the limestone i s massive. At the northern end of the Lake D i s t r i c t 
there i s 25 f e e t of massive limestone w h i l s t i n West Cumberland the whole 
of the limestone i s massive. Some 25 f e e t of the limestone developed at 
the northern end of the I s l e of Man i s a l s o massive. 
Tumbler Beds.- T h i s component c o n s i s t s i n general of an a l t e r n a t i n g 
s e r i e s of limestones and s h a l e s , the two l i t h o l o g i e s comprising v a r i a b l e 
proportions a t d i f f e r e n t l o c a l i t i e s . Within the sequence, at limestone/ 
s h a l e i n t e r f a c e s , " c a u d a - g a l l i " are frequently present. 
The Tumbler Beds are prominently developed on the Alston Block where 
they a t t a i n a maximimi t h i c k n e s s of 3^ f e e t 6 inches; l o c a l l y they are 
completely absent and consequently the f u l l t h i c k n e s s of the limestone i s 
massive. On the Block there i s a l s o a r e g i o n a l southward decrease i n 
importance of the sh a l e members of the Tumbler Beds as compared with the 
limestones. I n the Cotherstone S y n c l i n e the Tumbler Beds are only l o c a l l y 
developed, the maximum t h i c k n e s s recorded being 16 f e e t . On the Askrigg 
Block they are r e a l l y only present i n the north-east part and even then 
are only poorly and l o c a l l y represented; however, a t h i c k shale developed 
l o c a l l y i n the upper p a r t of the limestone on the ea s t s i d e of Swarth 
F e l l probably represents the l i t h o l o g y . E a s t of the exposed part of the 
Northumbrian F a u l t - B l o c k boreholes have shown that there i s a v a r i a t i o n 
s i m i l a r to t h a t i n the exposed are a . The Tumbler Beds of the Alston Block 
are almost c e r t a i n l y replaced by high l y f o s s i l i f e r o u s shale passing north-
ward i n t o the Northmbrian Trough. Therefore, the Tumblers of the southern 
part of the l a t t e r area must be at a lower horizon i n the limestone. I n 
the southern p a r t of the Trough the beds vary between 20 and 30 f e e t t h i c k 
but proceeding northward as f a r as the R i v e r Coquet they t h i n to 16 feet 
t h i c k . North of the Coquet there i s an expansion of the Tumbler Beds due 
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to the development of limestone bsmds i n the shale above the normal lime-
stone top. Consequently a t h i c k n e s s varying between 0 and 66 f e e t i s 
a t t a i n e d , no Tumbler Beds being present i n one s e c t i o n . I n t h i s region 
of t h i c k development the s h a l e s and limestone of the Tumbler Beds tend 
to be sandy. F a r t h e r north at Beadnell the beds have thinned to 20 feet 
and i n the Lowick d i s t r i c t , i n the extreme northern part of the Trough, 
they are not w e l l developed at aJLl. Towards the northern side of the 
Trough i n the Canonbie d i s t r i c t there sire only a few calcareous mudstone 
bands i n the limestone, whereas at the northern end of the Lake D i s t r i c t 
there are kO f e e t of Tumbler Beds developed. No such l i t h o l o g y has been 
recorded to the west of the Lake D i s t r i c t but Tumbler Beds are probably 
present to the e a s t . At the northern end of the I s l e of Man there are 
l 8 f e e t of Tumbler Beds developed, however. 
Fauna 
Three d i s t i n c t biostromes have been recognized within the limestone, 
the Chaetetes Band at the base, the Brunton Band below the middle £ind the 
F r o s t e r l e y Band above the middle. Bioherms c o n s i s t i n g of c r i n o i d o s s i c l e s 
a l s o occur and there i s a reasonably p r o l i f i c fauna s c a t t e r e d throughout 
the limestone. 
The Chaetetes Band.- This band, which l i e s c l o s e to the base of the 
limestone, i s c h a r a c t e r i z e d by the tabulate c o r a l Chaetetes depressus 
(Fleming) but i t a l s o contains other c o r a l s , bryozoans, annelids and 
brachiopods. Sometimes Chaetetes i s absent and the band i s then u s u a l l y 
dominated by e i t h e r Diphyphyllum lateseptatum M'Coy or Lonsdaleia 
l a t i c l a v i a S. Smith. The band by no means forms a continuous horizon 
but i t may have been more extensive originsuLly s i n c e i t shows some signs 
of having been a f f e c t e d by current a c t i v i t y . I t a t t a i n s a msLximum t h i c k -
ness of 4 f e e t 6 inches but can be as t h i n as 1 inch t h i c k where i t i s 
weakly developed. On the Northumbrian Fault-Block i t has a widespread 
d i s t r i b u t i o n even though i t i s represented by a modified l i t h o s t r o t i o n i d -
c l i s i o p h y l l i d fauna i n the southern part of the Askrigg Block. In the 
Northumbrian Trough i t i s known as f a r north as Beadnell and to the west 
i t has been recognized i n the Vale of Eden as w e l l as i n West Cumberland. 
The Brunton Band,- T h i s band d i f f e r s from the other two biostromes 
i n that i t i s composed of m i c r o f o s s i l s which 6u:e dominated by the algsil 
genus C a l c i f o l i u m bruntonense Johnson, the c h a r a c t e r i s t i c f o s s i l of the 
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band; i t a l s o contains abundant for a m i n i f e r a and other calcareous algae. 
Where the F r o s t e r l e y Band i s present t h i s band e s s e n t i a l l y occurs below 
i t and thus i t occupies a p o s i t i o n below the middle of the limestone. 
Because of i t s character i t i s d i f f i c u l t to deli m i t but i t appears to 
have a maximiun thi c k n e s s of at l e a s t 19 f e e t . I t i s probably a more 
r e l i a b l e and widespread horizon than the other two biostromes s i n c e i t 
has been proved i n most s e c t i o n s that i t has been searched for i n over 
the whole sirea between Morpeth i n the north and Coverdale i n the'south. 
The F r o s t e r l e y Band.- T h i s band l i e s near the middle of the lime-
stone and i s composed of a s e r i e s of bands dominated by e i t h e r Dibunophyllum 
bipartiturn (M'Coy) or Gigantoproduetus l a t i s s i m u s ( J . Sowerby). Giganto-
productus i s most common a t the base, Dibxmophyllum most common i n the 
middle, w h i l s t a more v a r i e d fauna i s evident i n the upper pa r t . One of 
the bands near the middle which i s almost e n t i r e l y composed of a t i g h t l y 
packed mass of Dibunophyllum bipartitum i s known and was formerly worked 
as the F r o s t e r l e y Marble; t h i s band i s only of r e s t r i c t e d extent i n Wear-
dale, however. The maximum th i c k n e s s a t t a i n e d by the biostrome i s 21 feet 
but i t i s frequently much thinner, mainly due to the upper members of i t 
dying out. L a t e r a l l y the biostrome i s completely absent and sometimes 
there appears to be an i n d i r e c t c o r r e l a t i o n between i t s absence and the 
marked t h i c k e n i n g of the Tumbler Beds and accompanying thinning of the 
massive limestone. The v a r i a b l e p o s i t i o n i n the limestone of t h i n rep-
resenta.tives of the band i s due to them being developed a t d i f f e r e n t 
horizons w i t h i n the r e s t r i c t e d range of the complete biostrome; often, 
however, the r e p r e s e n t a t i v e occurs i n the p o s i t i o n of the lower Glganto-
productus beds which do appear to be more p e r s i s t e n t them the r e s t of the 
biostrome. Some l e n s i n g of i n d i v i d u a l bands can be seen but i t i s not 
often apparent although undoubtedly i t does take place quite commonly. 
At o c c a s i o n a l l o c a l i t i e s s i m i l a r f a u nal bands to the above occur w e l l 
below the normal base of the biostrome. The band has a more r e s t r i c t e d 
d i s t r i b u t i o n than the other biostromes s i n c e i t appears to be v i r t u s i l l y 
confined to the Northumbrian F a u l t - B l o c k . I t i s best developed on the 
Als t o n Block, p a r t i c u l a r l y i n the qu a r r i e s around Stanhope, but even then 
i t i s not i n v a r i a b l y present and often i s only poorly represented. Only 
a poor r e p r e s e n t a t i v e occurs i n the eastern part of the Cotherstone 
S y n c l i n e and the north-west and north-east parts of the Askrigg Block. 
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However, i n the c e n t r a l part of the Askrigg Block prominent Giganto-
productid beds up to 20 f e e t t h i c k are developed and although they have 
a modified fauna when compared with the biostrome of the type area, they 
are probably equivalent to i t . The band weakens i n a no r t h e r l y d i r e c t i o n 
on the A l s t o n Block and i t i s not d e f i n i t e l y present a t a l l i n the North-
umbrian Trough. However, i t may be represented by a t h i n c l i s i o p h y l l i d 
band i n the Dryburn Limestone of the Loid.ck d i s t r i c t i n north Northumber-
land. Where developed, often the band has obviously been af f e c t e d by some 
current a c t i v i t y . Current a c t i v i t y i s not considered to have caused the 
f a i l u r e or poor development of the band over wide areas, however, but some 
l o c a l c oncentration of the fauna may be due to i t . The re g i o n a l d i s t r i -
bution of the band i s probably an o r i g i n a l feature, perhaps r e l a t e d to 
environment, and cu r r e n t s were probably only of l o c a l s i g n i f i c a n c e . 
C r i n o i d banks.- The banks are confined to the south-west part of 
the A s k r i g g Block, south of Swaledale, where they generally occur below 
the Gigantoproductus beds i f the l a t t e r are present. E s s e n t i a l l y they are 
composed of columns of c r i n o i d o s s i c l e s up to 1 foot long. Around Hawes 
there appears to have been a continuous bed over an extensive area with 
an average t h i c k n e s s of 20 f e e t ; north and west of t h i s area d i s c r e t e 
r e e f s were developed up to 10 f e e t t h i c k . The r e s t r i c t i o n of these banks 
to the south-west part of the Askrigg Block may be of some environmental 
s i g n i f i c a n c e . 
General Fauna.- The most prominent member of the fauna s c a t t e r e d 
throughout the limestone i s L o n s d a l e i a l a t i c l a v i a , the s o - c a l l e d index 
f o s s i l of the Great Limestone. Many workers have c o l l e c t e d faunas from 
the limestone and t h e i r works are l i s t e d i n the d e t a i l e d s e c t i o n of t h i s 
chapter, 
DETAILED STRATIGRAPHY 
Thickness V a r i a t i o n 
O v e r a l l , the limestone i s the t h i c k e s t i n the Yoredales, but i t shows 
considerable v a r i a t i o n i n thi c k n e s s between the ma^ dLmum of 130 f e e t r e c o r -
ded on Kisdon (Rowell and Scanlon, 1957a) and the minimum of 3 to 10 f e e t 
found on the south-east s i d e of Coverdale (Wilson, 1957 and 196O), 
On the A l s t o n Block the limestone never a t t a i n s these extremes, 
the maximum t h i c k n e s s recorded being 82 f e e t i n Ashes Quarry, Stanhope. 
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Even t h i s t h i c k n e s s i s a very l o c a l one due to the development of em 
e x t r a 6 f e e t l e n s of limestone i n the s h a l e s which o v e r l i e the normeQ. 
limestone top. Some 500 yards south-east i n the same quarry the t h i c k -
ness has diminished to 6? f e e t and i n a s i m i l a r distance north-west a 
reduction to 78 f e e t has taken p l a c e . T h i s serves to i n d i c a t e how rapid 
the v s i r i a t i o n s i n thickness may be. P l a t e I I shows the o v e r a l l v a r i a t i o n 
i n t h i c k n e s s of the limestone on the Alston Block and i n adjacent eo-eas; 
i t i s based on approximately 260 separate points. 
Within a l a r g e a r e a centred upon Stanhope the limestone maintains 
a t h i c k n e s s of over 70 f e e t , reaching 82 f e e t , and has been e x t e n s i v e l y 
quarri e d f o r road-stone, lime-burning and s t e e l - f l u x . The thickness 
decreases i n a l l d i r e c t i o n s away from t h i s but at three separate l o c a l -
i t i e s 70 f e e t i s a l s o exceeded. Except to the west of the South Tyne the 
limestone only decreases n a t u r a l l y below a thickness of 50 feet i n one 
s m a l l a r e a at the head of Westernhope Burn. Here, f e e t of limestone 
occurs w i t h i n a quarter of a mile of a more normal 70 f e e t . From north 
of S t . John's Chapel a s t r i p w i t h i n which the limestone i s c o n s i s t e n t l y 
below So f e e t t h i c k can be traced southward by way of Langdon Beck and 
B a r r a s . Within i t s confines the limestone has been considerably reduced 
i n t h i c k n e s s due to erosion by the major washout-channel which occurs i n 
the o v e r l y i n g Coal S i l l s Group (see Chapter I V ) . North of S t . John's 
Chapel very coarse sandstone can be seen to o v e r l i e limestone containing 
the Fsrcsterley Band and thus the channel has cut to indthin approximately 
kO f e e t of the limestone base. However, north of Langdon Beck i t i s con-
s i d e r e d that the channel base l i e s w i t h i n 27 f e e t of the limestone base, 
but famping of the limestone may have contributed to t h i s low f i g u r e (see 
below). T h i s erosion of the limestone has a l s o been noted on Mickle F e l l 
and i n Borrowdale Beck, east of Brough. Where the washout channel can be 
t r a c e d northwards by sub-surface data i t does not appear to have cut i n t o 
the limestone. I n Sunny Brov/ Mine Quarry, north-west of S t , John's Chapel, 
the j u n c t i o n between coarse sandstone and limestone i s i r r e g u l a r . 
A f u r t h e r f a c t o r has a l s o r e s u l t e d i n the limestone being very 
considerably reduced i n t h i c k n e s s . To the south of Burnhope Seat, i n the 
headwaters of Harwood Beck, the f u l l 60 f e e t of limestone i s , i n places, 
represented by only a few f e e t of unctuous ochreous c l a y which may 
contain remnants of l i m o n i t i a e d and p a r t l y a l t e r e d limestone. T h i s 
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phenomenon has been noted f o r a considerable distance along the outcrop 
a t t h i s l o c a l i t y and i t has a l s o been recognized elsewhere as f o l l o w s : -
(a) S i l v e r b a n d Mine and Dun F e l l Hush on Great Dun F e l l . 
(b) Horse Edge, two mi l e s west-south-west of Alston. 
( c ) The Pike Law hushes. 
(d) Probably the Old Langdon hushes. 
The e f f e c t i s known l o c a l l y as "fsunping" and the c l a y produced i s c a l l e d 
famp. I t would appear to be due to limestone which had been p a r t i a l l y 
converted to a n k e r i t i c or s i d e r i t i c ironstone during m i n e r a l i z a t i o n being 
subjected to oxidation and l e a c h i n g under the i n f l u e n c e of humic a c i d s 
from the peat, with em accompanying reduction i n t h i c k n e s s . I n some 
p l a c e s i t i s not c e r t a i n that the phase of primary m i n e r a l i z a t i o n has 
preceded the l e a c h i n g , Clough (1903) noted that the limestone was not as 
much famped f u r t h e r i n from the outcrop, and the e f f e c t i s confined to the 
zone of o x i d a t i o n . The d i r e c t r e s u l t s are that the limestone i s much 
reduced i n t h i c k n e s s , the f e a t u r e s disappear and small f a u l t s are i n i t i -
ated i n the o v e r l y i n g beds. The minimum thickness of famp seen r e p r e s -
e n t i n g the limestone i s 13 f e e t . 
On the b a s i s of the present evidence i t would appesir that the lime-
stone's average t h i c k n e s s i s of the order of 60 to 65 f e e t for the greater 
p a r t of the Alston Block, West of the R i v e r South Tyne the thickness f a l l s 
below 50 f e e t , or even 40 f e e t i n p l a c e s , a t h i c k n e s s more i n l i n e with 
t h a t f o r the limestone i n the Northumbrian Trough, 
Reading (195'<- and 1957) and Wells (1955a and 1957) have shown that 
r a p i d v a r i a t i o n i n t h i c k n e s s between 85 f e e t and l e s s than 40 f e e t takes 
place i n the Cotherstone S y n c l i n e , the v a r i a t i o n s being shown on. P l a t e I I . 
According to the London Lead Company's mine s e c t i o n , the limestone l o c a l l y 
reaches a t h i c k n e s s of 102 f e e t i n Lunehead Mine (Dunham, 1948, p.26) . 
However, a recent extensive boring programme at t h i s l o c a l i t y has not 
r e v e a l e d such a t h i c k n e s s , the t h i c k n e s s recorded being 72 f e e t 6 inches. 
A t h i c k n e s s of 102 f e e t may be a t t a i n e d l o c a l l y but i t may a l s o be that 
the t h i c k n e s s i s i n a c c u r a t e and due to f a u l t i n g repeating some of the 
limestone i n a composite s e c t i o n . The l a t t e r suggestion seems p o s s i b l e 
e s p e c i a l l y when i t i s r e a l i s e d that the 102 f e e t was recorded along 
Hunter's Vein which has a throw of 30 feet (72 + 30 = 102 f e e t ) . West 
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of the s y n c l i n e i n the area to the south-east of Brough Dr. A. J . 
Howell (personal communication) has recorded 108 f e e t of Main Lime-
stone i n the R i v e r Belah and 90 f e e t i n Mousegill Beck. 
The Main Limestone has an average t h i c k n e s s of over 80 f e e t i n the 
c e n t r a l part of the Askrigg Block, south of the Swale (Moore, 1955 and 
1958; Wilson, 1957 and 196O), whereas i t s average t h i c k n e s s i n the north-
ern p a r t of the Block i s c l o s e l y comparable with that f o r the Alston 
Block (Wells, 1955a and 1957; Dakyns et aL, 1891) . I n the c e n t r a l region 
a maximiim t h i c k n e s s of I30 f e e t has been recorded on Kisdon (Rowell and 
Scanlon, 1957a) and t h i c k n e s s e s i n excess of 100 f e e t have been found at 
s e v e r a l other l o c a i l i t i e s (Moore, op. c i t . ) . . However, on south-west Swarth 
F e l l , Baugh F e l l , R i s e H i l l , Crag H i l l and the north end of Whernside, i n 
the south-west part of the Block, the limestone r a r e l y a t t a i n s a thickness 
of over 20 f e e t and i s as t h i n as 10 f e e t on Crag H i l l (Dakyns et al., 189O; 
M i l l e r and Turner, 1951; Hicks, 1958) . The Main Limestone i n the Kirkby 
Lonsdale area, j u s t to the west of the Block, i s 15 f e e t t h i c k (Hicks, 
op. c i t . ) . Wilson (op. c i t . ) has shown how i n the south-east -part of the 
Block i n Coverdale, the limestone t h i n s from 83 f e e t to between 5 and 10 
f e e t w i t h i n three miles i n a south-east d i r e c t i o n . T h i s thinning of the 
limestone i s completely independent of the unconformable t r a n s g r e s s i o n at 
the base of the Grassington G r i t , though the l a t t e r does eventually cut 
out the limestone completely south-east of a l i n e which runs i n ain approx-
imate south-west to north-east d i r e c t i o n from south of Fountains F e l l , one 
mi l e north of K e t t l e w e l l , north of Great Whernside along the south-east 
s i d e of Coverdale to south of Woodale and thence east-west across Masham 
Moor (Wilson, I96O, F i g . 7, p.303) . The thinning a l s o appears to be 
completely independent of the erosion surface postulated to occur at the 
base of the L i t t l e Limestone (Wells, 1955a and 1955b) s i n c e a thin develop-
ment of chert and sh a l e i n t e r v e n e s between the Main and L i t t l e Limestones 
a t l o c a l i t i e s where the Main i s very t h i n . Furthermore, Wilson (op. c i t . ) 
has shown tha t on the north f l a n k of P e n h i l l there i s evidence for an 
e a s t e r l y t h i n n i n g of the posts of the Main Limestone independent of any 
supposed t r a n s g r e s s i o n a t the base of the L i t t l e Limestone. These f a c t s 
would appear to support the suggestion of Rowell and Scanlon (1957b) that 
the Main Limestone t h i n s out against the north side of the u p l i f t e d ground 
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developed i n l a t e times along the l i n e of the Middle Craven F a u l t 
(Hudson, 1933). To the south of the u p l i f t e d area the S c a l e Haw Lime-
stone, t e n t a t i v e l y c o r r e l a t e d by Black (1950) vdth the Main, was l a i d 
dovm and i t has a l s o been noted to t h i n against the u p l i f t . F a r t h e r 
west the 55 f e e t of Main Limestone recorded on Ingleborough does not 
alt o g e t h e r lend support to the above postulate s i n c e Ingleborough i s 
s i t u a t e d much c l o s e r to the Craven F a u l t s than the region where t h i n n -
i n g takes place i n Coverdale, The thi c k n e s s of the limestone on I n g l e -
borough i s , however, considerably l e s s than that recorded for the area 
only a sh o r t distance to the north and i t does seem possible that there 
i s a s i g n i f i c a n t r e g i o n a l t h i n n i n g southward. The very reduced tli i c k n e s s 
of the limestone i n the Crag H i l l area, emd the Kirkby Lonsdale region 
could p o s s i b l y be taken as support f o r a re g i o n a l thinning towards up-
l i f t e d ground developed along the l i n e of Middle Craven F a u l t , 
E a s t of the exposed p a r t of the Northumbrian Fa u l t - B l o c k the lime-
stone has been penetrated i n a number of deep boreholes which are l i s t e d 
below:-
Borehole Thickness of limestone ( f e e t ) 
Chopgate, Cleveland H i l l s 68 
ELstob 44 
Winston 35j 
Roddymoor 6I 
Chopwell Woods, Liitisford 70^ 
Harton 68 
The above t h i c k n e s s e s cannot be incorporated a c c u r a t e l y i n an isopachyte 
map but they serve to i l l u s t r a t e that there i s no abrupt thinning of the 
limestone i n an e a s t e r l y d i r e c t i o n ; v a r i a t i o n s i n thickness s t i l l occur, 
however. 
As a l r e a d y mentioned, the limestone i s as t h i n as 40 fee t i n the 
north-west part of the Alston Block ( T r o t t e r and Hollingivorth, 1932) and 
may be even thinner i n p l a c e s (Short, 195^)• A s i m i l a r thinning takes 
p l a c e i n a n o r t h e r l y d i r e c t i o n passing i n t o the Northumbrian Trough, I n 
the Brampton d i s t r i c t T r o t t e r and Hollingworth (op. c i t . ) i n f e r a t h i c k -
ness v a r y i n g between 40 and 50 f e e t but 40 f e e t appears to be a normal 
t h i c k n e s s f o r the limestone i n the southern part of the Trough. A 
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minimum of 35 f e e t has been recorded near Thorntree Shaft, F a l l o w f i e l d 
Mine, and a maximum of 50 f e e t was penetrated i n the Brokenheugh boring, 
near Haydon Bridge. Rapid t h i c k n e s s v a r i a t i o n i s again i n evidence 
because i n F a l l o w f i e l d Mine a thic k n e s s of ^5 f e e t has been recorded 
w i t h i n h a l f a mile of the 35 f e e t of limestone. I t would appear that 
c o n d i t i o n s s i m i l a r to the above are mainteiined northward to the R i v e r 
Coquet which forms the approximate southern boundary of an area i n which 
the limestone expands i n t h i c k n e s s due to the replacement by a Tumbler 
Bed l i t h o l o g y of the lower p a r t of the t h i c k s hale sequence which normcGLly 
o v e r l i e s the limestone i n t h i s region. A s e r i e s of boreholes and occasional 
exposures between the R i v e r Coquet and Howick show that a basal l8 to 37 
f e e t of massive limestone, with an average thickness of 32 f e e t , i s u s u a l l y 
o v e r l a i n by s h a l e containing t h i n limestone bands. By analogy with the 
sequence of the Alston Block these beds are Tumbler Beds and should be 
incl u d e d as part of the Great Limestone, even though they are separated 
from the massive limestone a t the base by shale which v a r i e s from 25 to 
^5 f e e t t h i c k . Therefore, i n t h i s region the Great has a thickness 
VEirying between 70 and 89 f e e t with an average of 85 f e e t , as suggested 
by W e s t o l l e t a l . (1955)* Three m i l e s north of Howick, between Embleton 
Bay and Beadnell, a comparable s i t u a t i o n to the above i s silso present 
where 27 f e e t of massive limestone i s o v e r l a i n by shale with t h i n l i me-
stone bands g i v i n g a t o t a l t h i c k n e s s of ^8 f e e t to the Great Limestone; 
no t h i c k s h a l e i n t e r v e n e s between the massive limestone and true Tumbler 
Beds here, however. Throughout the whole of t h i s region, north of the 
Coquet, and even f a r t h e r south, the O f f i c e r s of the Geological Survey only 
mapped the baseil massive limestone as the Great and o c c a s i o n a l l y the thin 
limestones of the Tumbler Beds were mapped as separate u n i t s (New S e r i e s 
1" Sheet 9, Rothbury, 193^; New S e r i e s 1" Sheet 6, Alnwick, 1930). 
Perhaps the reason f o r t h i s apparent anomaly l i e s i n the d i f f i c u l t y of 
a c c u r a t e l y d e l i m i t i n g the Tumbler Beds where they are separated from the 
massive limestone at the base by a t h i c k s h a l e , s i n c e Carruthers et a l . 
(1930) were obviously w e l l aware of the s i t u a t i o n and recorded the shale 
w i t h t h i n limestones as Tumbler Beds i n t h e i r v e r t i c a l s e c t i o n s . I n the 
i s o l a t e d a r e a north of Lowick the Dryburn Limestone has a thickness of 
between 25 and 30 f e e t . 
A limestone, 77 f e e t 9 inches t h i c k , which was encoimtered i n the 
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C a t s b i t borehole of the i s o l a t e d Canonbie d i s t r i c t (Peach and Horne, 
1903; B a r r e t t and Richey, 19^5) i s probably the r e p r e s e n t a t i v e of the 
Great Limestone. The above authors did not make t h i s c o r r e l a t i o n , but 
Lumsden and Wilson ( 1 9 6 I ) consider that the same limestone penetrated 
i n the Archerbeck borehole ( d r i l l e d f o r the Geological Survey i n 195''- to 
1955) i s equivalent to the Great of the Brampton D i s t r i c t and the Top 
Hosie of the Midland V a l l e y . The limestone i n the borehole was 73 f e e t 
9 i n c h e s t h i c k and has been named the C a t s b i t Limestone because i t was 
f i r s t recorded i n the borehole of that name. No d e f i n i t e palaeontologicsil 
evidence e x i s t s f o r the above c o r r e l a t i o n but Cummings ( I961 ) concluded 
tha t the forsiminif era i n the upper part of the C a t s b i t Limestone and over-
l y i n g beds are t y p i c a l of those fomid i n beds of E^ age i n Northern Eng-
l a n d . A l s o the beds between the C a t s b i t Limestone and the ov e r l y i n g Blae 
Pot Limestone have a s t r i k i n g l i t h o l o g i c a l resemblance to those between 
the L i t t l e and Great Limestones of the Brampton area as w i l l be shoiirn 
l a t e r . 
I n the Vale of Eden, between P e n r i t h and Appleby, Dakyns et al.(1897) 
r e c o r d a maximum t h i c k n e s s of 120 f e e t f o r the Great S t r i c k l a n d Limestone 
but s t a t e that normally i t v a r i e s from 70 feet to about 35 or 4o f e e t 
t h i c k , the l a t t e r being taken as i t s average t h i c k n e s s . M i l l e r and Turner 
(1931) confirm a tl i i c k n e s s of 120 f e e t i n the Shap d i s t r i c t , that i s to 
say, the ar e a north-west and west of Appleby. At the north end of the 
Lsike D i s t r i c t the limestone v a r i e s l i t t l e throughout the area having an 
average t h i c k n e s s of 65 f e e t (Summ. Prog. G.S.G.B., 1931), West of the 
Lake D i s t r i c t the th i c k n e s s of the F i r s t Limestone l i e s between 27 and 67 
f e e t with an average of 45 f e e t (Eastwood, 1930; Eastwood et a l ^ 1931), 
Smith (1927) has t e n t a t i v e l y suggested that a 25 feet limestone 
recorded i n a borehole at the northern end of the I s l e of Man i s the 
re p r e s e n t a t i v e of the F i r s t or Great Limestone. Some 2 to 3 f e e t of 
sha l e and limestone o c c u r r i n g 15 f e e t above, and separated from i t by 
f G s s i l i f e r o u s s h a l e , should probably be included as part of the lime-
stone, g i v i n g a t o t a l t h i c k n e s s of 43 f e e t , 
L i t h o l o g y 
Over a l a r g e part of the area under consideration the limestone i s 
conveniently d i v i s i b l e i n t o two d i s t i n c t components. The lower component 
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F i g . 8. Feature of the Great Limestone on High Hurth Edge, 
Teesdale. The a c t u a l feature i s marked F. 
F i g . 9* Posts and wavy bedding i n the massive part of the 
Great Limestone, Rogerley Quarry, Weardale. The 
massive component of the limestone i s o v e r l a i n by 
the Tumbler Beds. The approximate s c a l e i s 1 i n c h 
to 20 f e e t . 
c o n s i s t s of massive limestone which i s made up of a number of posts; 
above t h i s are the Tumbler Beds, an a l t e r n a t i n g s e r i e s of s h a l e s and 
limestones i n which the proportion of the two l i t h o l o g i e s i s very 
v a r i a b l e . The r e l a t i v e proportions of massive limestone euid Tumbler 
Beds i s v a r i a b l e and Tumbler Beds are completely absent i n some areas, 
L i t h o l o g i c a l l y the limestone i s more c l o s e l y comparable with lime-
stones of the Middle Limestone Group r a t h e r than those of the Upper 
Limestone Group of which i t forms the b a s a l member. Consequently, 
T r o t t e r (1952) regarded i t a s the upper-most member of h i s Yoredale 
Limestone f a c i e s , the o v e r l y i n g beds being included i n the Yoredale G r i t 
f a c i e s . 
Massive Limestone.- The base of the limestone i s frequently sharp 
and msiy be under l a i n by a co a l seam; f o r exeimple, a 2 f e e t seam was 
exposed beneath the limestone west of Harrowbank Quarry i n a temporary 
excavation which i s now i n f i l l e d . The 10 i n c h t h i c k cosil seam recorded 
by Smith (1912) as occu r r i n g i n the middle of the Main Limestone a t Cover 
S c a r s i n Coverdale, south of Middleham, on the Askrigg Block, i s i n r e a l -
i t y a seam below the limestone. The confusion probably arose because the 
measures between the Main and Undersett Limestones are very t h i n (about 
11 f e e t ) a t Cover S c a r s , the Undersett being taken as a lower l e a f of the 
Main Limestone. At a nvimber of other l o c a l i t i e s limestone can be seen to 
grade up from a f o s s i l i f e r o u s calceireous sandstone. 
U s u a l l y the baseil few f e e t of the limestone are dolomitised and have 
a brown c o l o u r a t i o n . Wells (1957) considered that i n h i s area t h i s was 
due to the p e r c o l a t i o n of magnesium-rich ground waters, probably during 
the time when i t was o v e r l a i n by the Permian Magnesian Limestone; perco-
l a t i o n of such waters, not n e c e s s a r i l y from the Magnesian Limestone, would 
appear to be a s a t i s f a c t o r y explanation of t h i s l i t h o l o g y , although the 
p o s s i b i l i t y of i t being an o r i g i n a l d e p o s i t i o n a l feature cannot be ru l e d 
out. Above t h i s the limestone i s normally f i n e grained and blue-grey to 
pale grey i n colour, but i n north Northumberland the f u l l thickness i s 
often considerably dolomitised and i f f r e s h has a d i s t i n c t p i n k i s h tinge. 
The massive limestone, which was designated the Main Posts by T r o t t e r 
and Hollingworth (1932), has a c h a r a c t e r i s t i c undulating or wavy bedding 
which d i v i d e s i t i n t o a s e r i e s of posts ( F i g . 9 ) . These may be as t h i n 
as a few i n c h e s or may be a few fe e t t h i c k . Often they are separated 
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Table V 
Posts of the Great Limestone i n Nev/landside Quarry, Stemhope. 
Red Indisin k 1 0" 
P l a t e Bed 1 1 V. 
Very top post 1 . z^ .i 
P l a t e Bed Tumbler Beds 1 6" 
Top Post 3 10" 
P l a t e Bed 1 2" 
Second Post 2' 2" 
T h i r d Post 1' 
Gray Post 3* 10" 
Second Gray Post 1' 2" 
Loggerhead k* 8" o c c a s i o n a l l y f o s s i l i f e r o u s 
Toby G i l e s 1" 6" o c c a s i o n a l l y f o s s i l i f e r o u s 
Crabby 6' 6" f o s s i l i f e r o u s 
Mucky Post 2« 2" f o s s i l i f e r o u s 
Pea Post 6" f o s s i l i f e r o u s 
E l s y 2' 2" F r o s t e r l e y Marble horizon 
Thin Cociae 7" - f o s s i l i f e r o u s 
T h i c k Cockle 2' 7" f o s s i l i f e r o u s 
Three Toms 2' 1" 
Black Bed 2' 8" 
F i v e Thin Posts 2' 8" 
Dun K i t 4' 0" 
Bastard 4' 2" 
Dun J i n 2' k" 
S t i f f D i ck 1 • 3" 
Wheiley 3' 6" 
Jack Post 6" 
Yard Post 2' 6" 
Newcastle 1' 9" Chaetetes Bsind Bottom Post 2* 0" 
F r o s t e r l e y 
Band 
from each other by t h i n s h a l e p a r t i n g s which may be p a r t i a l l y s t y l -
o l i t i c , s t y l o l i t e s being extremely common, although they are u s u a l l y 
best d i s p l a y e d i n borehole cores. I n the area around Stemhope the quarry-
men have given the i n d i v i d u a l posts separate names which are often highly 
d e s c r i p t i v e . The names vary to some extent l o c a l l y and Table V gives those 
for Newlandside Quarry. The i n d i v i d u a l posts are c e r t a i n l y remarkably 
p e r s i s t e n t l o c a l l y and can be traced throughout the Stanhope Quarries. 
However, Mr. R. A. F a i r b a i r n (personal communication), who has measured 
numerous d e t a i l e d s e c t i o n s i n V/eardale, the A l l e n d a l e s , Tynedale and around 
Als t o n , claims that i t i s p o s s i b l e to c o r r e l a t e the posts of these areas 
apart from Tynedale. The author's observations would lend support to the 
above i n so f a r as i t has been p o s s i b l e to recognize the combination of the 
lov/er four posts a t a l a r g e number of widespread l o c a l i t i e s i n Weardale and 
even i n A s h g i l l Beck, a t r i b u t a r y of Harwood Beck at the head of Teesdale. 
I t has a l s o been reported (Summ. Prog. G.S.G.B., 1925) that i n d i v i d u a l 
posts of the F i r s t (= Great) Limestone are p e r s i s t e n t for s e v e r a l miles 
around Broughton Craggs Quarry i n West Cumberland. 
Although the massive limestone i s e s s e n t i a l l y blue-grey to pale grey 
i n colour, i t does contain darker s t r e a k s of bituminous m a t e r i a l which 
are often c r i n o i d a l ; the l a t t e r are best observed i n borehole cores, how-
ever. The colour of the limestone appears to be due to f i n e l y divided 
carbonaceous matter s i n c e s o l u t i o n of the rock i n hydrochloric a c i d leaves 
a b l a c k i n e r t r e s i d u e . 
Over the major part of the Alston Block, e s p e c i a l l y i n Weardale and 
Teesdale, bands of chert nodules have been recognized between 6 and 17 
f e e t above the limestone base. The maximum number of bands at any one 
l o c a l i t y i s three and the maximum s i z e of the nodules i s 1 foot long by 
3 inches wide ( F i g . 10). They are made up of a ground mass of i n t i m a t e l y 
r e l a t e d c r y p t o c r y s t a l l i n e s i l i c a and c a l c i t e which contains small patches 
of chalcedony and 25 to 30 per cent of euhedral "porphyroblasts" of zoned 
dolomite which range from 0.05 to 0.15 m.m, i n s i z e . I t vjould appear 
that the nodules have a r i s e n due to the segregation of t h e i r components 
from the en c l o s i n g limestone. Chert nodules are a l s o s c a t t e r e d through-
out the limestone on the Askrigg Block (Wells, 1955a, and 1957; Hicks, 1958). 
Wells (op. c i t . ) has shovm that i n the north-east part of the Askrigg 
Block the main bulk of the limestone has a s i l i c a content as high as 10 
per cent even though the mineral i s r a r e l y seen i n t h i n s e c t i o n . I n the 
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Fip:. 10. C h e r t - d o l o i r d t e nodules i n t h e G r e a t Limestone, RcQerley 
Q u a r r y , ' . / e a r d a l e . 
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F i c . 1 1 . Diapramnatic r e D r e c e n t a t i o n of t i i e t h i n n i n ; - ' of zhe 
massive p a r t o f t h e Great Limestone i n South Jashpool 
C r a g s wuarry, B o l l i h o p e . 
worked a r e a around Stanhope the s i l i c a content r a r e l y r i s e s above 1 
to 2 per cent and Dun K i t post i s extremely pure. 
I n West Cumberland l e n t i c l e s of interbedded laminated or c a l c a r -
eous sandstone up to 2 f e e t i n length appear i n the body of the lime-
stone (Eastwood et aL, 1931) i n the v i c i n i t y of Egremont. 
The t h i c k n e s s of the massive limestone v a r i e s considerably since 
i n the Stanhope region i t i s u s u a l l y around 55 f e e t t h i c k , but i n Harrow-
bank Quarry, north-east of Eastgate, where there i s an extremely t h i c k 
development of Tumbler Beds, a minimum of 28 f e e t i s reached. For the 
A l s t o n Block as a whole the t h i c k n e s s v a r i e s between 28 f e e t and 57 
f e e t . I n some areas, e s p e c i a l l y to the south, the Tumbler Beds are 
poorly developed or absent and consequently a greater thickness of 
massive limestone i s present; f o r example, on the Askrigg Block, 
e s p e c i a l l y south of the Swale, there i s over 80 feet of massive limestone. 
I n the Northumbrian Trough the massive limestone v a r i e s between l8 and 
37 f e e t i n t h i c k n e s s w h i l s t to the west i n the Canonbie D i s t r i c t , the 
f u l l 73 f e e t 9 inches of the limestone i n the Archerbeck borehole i s 
e s s e n t i a l l y massive. However, at the northern end of the Lake D i s t r i c t 
i t i s only 25 f e e t t h i c k . West of the Lake D i s t r i c t no Tiunbler Beds are 
developed apparently, so that the f u l l t h ickness of limestone i s massive. 
Tumbler Beds,- T h i s component i s made up of a s e r i e s of a l t e r n a t -
i n g c a l c a r e o u s bituminous s h a l e s and dark muddy limestones. The name 
was derived i n the mining f i e l d probably because these beds were l i a b l e 
to c o l l a p s e i n t o the workings driven i n them. I n the q u a r r i e s around 
Stanhope the l i t h o l o g y i s known l o c a l l y by the quarrymen as "Famps". 
The Tumbler Beds are prominently developed on the Alston Block and 
are best seen i n the Stanhope q u a r r i e s ( F i g s . 12a and 13, l ) . Here, 
s h a l e and limestone are sometimes i n equal proportions but limestone 
u s u a l l y dominates. L a t e r a l passage of limestone i n t o shale and v i c e 
v e r s a often takes place but, despite t h i s marked v a r i a t i o n , the base of 
the Tumbler Beds i s madntsiined at a constant horizon. However, t h i s 
cannot be s a i d f o r the top s i n c e an e x t r a limestone, up to 6 f e e t t h i c k , 
occurs l o c a l l y i n the shale above the normal limestone top. I n the 
q u a r r i e s the t h i c k n e s s of the Tumbler Beds v a r i e s between 13 f e e t and 
32 f e e t w i t h i n a quarter of a mile, w h i l s t i n Harrowbank Quarry a 
maximum t h i c k n e s s of 34 f e e t 6 inches i s fo\md, but only very l o c a l l y , 
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F i g . 12. Comparative s e c t i o n s of the Great Limestone to i l l u s t r a t e 
the v a r i a b l e proportions of massive limestone and Tumbler 
Beds. The approximate s c a l e of each photograph i s 1 i n c h 
to 30 f e e t . 
( a ) West Pasture South Quarry, Stanhope Burn, 
Weardale. The limestone i s worked to i t s 
base. 
(b) Harrowbsink Quarry, Weardale. 7 f e e t of 
limestone l i e s below the quarry f l o o r . 
s i n c e i n the same quarry the Tumbler Beds t h i n considerably at the 
expense of the massive limestone. T h i s rapid t h i c k n e s s v a r i a t i o n of 
the Tumbler Beds i s not due to the development of e x t r a s h a l e s i n the 
underlying massive limestone, s i n c e i t can be shovm that the posts of 
the limestone t h i n i n the d i r e c t i o n of i n c r e a s e i n t h i c k n e s s of the 
Tumbler Beds, w h i l s t the components of the l a t t e r thicken correspond-
i n g l y . Apart from Harrowbank Quarry, t h i s feature i s a l s o w e l l exhibited 
i n Rogerley Quarry, between Stanhope and F r o s t e r l e y , where the Tumbler 
Beds th i c k e n from 15 f e e t to 28 f e e t i n l e s s than a quarter of a mile, 
w h i l s t the massive limestone below t h i n s from 55 f e e t to kS feet i n the 
same d i r e c t i o n . A s i m i l a r but more marked thinning of the massive lime-
stone posts can be seen two miles south-west of Stanhope i n South Wash-
pool Crags Quarry, Bollihope, but the o v e r l y i n g Tvimbler Beds are mainly 
obscured ( F i g . 1 1 ) . F i g . 12a shows a normal s e c t i o n of the Tumbler Beds 
w h i l s t F i g . 12b shows the expanded sequence of Haxrowbank Quarry. I n 
upper'Weardeile, euLthough the Tumbler Beds can be recognised, they are 
dominantly limestone and l o c a l l y s h a l e s may be completely absent. The 
l i t h o l o g y i s w e l l developed i n the Alston Moor region eind i t i s probably 
i n t h i s area that the name Tumbler -Beds arose; a number of the under-
ground records i n d i c a t e a t h i c k n e s s r a r e l y exceeding 15 f e e t f o r the 
Tumbler Beds. I n Teesdale, around Middleton, Jones (1956) recorded 
t h i c k n e s s e s of up to 30 f e e t of Tumbler Beds but i n these the maximum 
th i c k n e s s of the s h a l e s i s 1 foot and u s u a l l y 6 inches or l e s s , whereas 
i n the Stanhope region the s h a l e s are gene r a l l y over 1 foot t h i c k with a 
maximum of over 3 f e e t . The Tumbler Beds l i t h o l o g y i s poorly developed 
i n upper Teesdale as i n Weardale. 
Reading (195^ and 1957) showed that the Tumbler Beds are only l o c a l l y 
developed i n the Cotherstone S y n c l i n e where they att s i i n a maximvim t h i c k -
ness of 16 f e e t . He considered them to be i n part the l a t e r a l equivalent 
of the massive limestone; the present work confirms t h i s and i n d i c a t e s 
t h a t they are v i r t u a l l y the complete l a t e r a l equivalent of the upper part 
of the limestone. 
On the Askrigg Block the Tumbler Beds are only found i n the north-
east p a r t (Wells, 1955a and 1957) and even then they are poorly and 
l o c a l l y developed. I n the south-west part of the Block, on the east 
s i d e of Swarth F e l l , Rowell and Scanlon (1957a) record a shale with a 
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maximum t h i c k n e s s of 19 f e e t s i t u a t e d 5 f e e t below the limestone top. 
I t may be that t h i s s h a l e completely r e p l a c e s the upper part of the 
limestone i n the Crag H i l l region and thus accounts f o r the marked 
thi n n i n g of i t already noted. T h i s may not be the f u l l explanation 
of the t h i n n i n g s i n c e the s h a l e i s known to die out to the south as 
w e l l as the north. However, the area where the limestone i s thin l i e s 
on the west s i d e of Swarth F e l l and to the south-west of that. 
E a s t of the exposed part of the Northumbriein F a u l t - B l o c k two 
s h a l e s were recorded i n the upper 30 f e e t of the limestone i n the 
Harton borehole, and the upper 7 f e e t i n the Winston and Mount P l e a s -
ant boreholes were of Tumbler Bed l i t h o l o g y . 
I n the northern psirt of the Alston Block a s h a l e , sometimes with 
t h i n a r g i l l a c e o u s limestones and up to 20 f e e t t h i c k (the Black Bed, 
F i g . 13» 2 eind 3)» occurs i n the upper part of the limestone. I t seems 
h i g h l y probable that t h i s s h a l e eventually r e p l a c e s the upper part of 
the limestone completely and r e s u l t s i n the thinning which i s known to 
take p l a c e i n t o the Trough ( F i g . 13) • T h i s seems even more probable 
when the h i g h l y f o s s i l i f e r o u s nature of the shale with limy bands which 
i s sometimes found above the limestone i n the Trough i s compared with 
the r e l a t i v e l y barren s h a l e i n a s i m i l a r p o s i t i o n on the Block, The 
Tumbler Beds of the Trough must therefore be developed at a lower 
horizon i n the limestone i f the above suggestion i s c o r r e c t . T r o t t e r 
and Hollingworth (1932) have shovm that they vary i n thickness between 
20 and 30 f e e t i n the Brampton D i s t r i c t , They t h i n eastward to be 20 
f e e t t h i c k a t Brunton Bank Quarry ( F i g , 13, A-), north-east of Fallow-
f i e l d , At Greenleighton Quarry, to the north, they are 16 f e e t t h i c k 
and limestone i s dominant, whereas two m i l e s to the south of Greenleigh-
ton, i n D e l f Burn, 15 f e e t of f o s s i l i f e r o u s s hale occurs w i t h i n the 
Tumbler Beds (Fowler, 1936); two m i l e s north-east a s i m i l a r s i t u a t i o n 
i s present i n a quarry 300 yards south of R i t t o n White House where the 
Tumbler Bed limestone i s replaced by f o s s i l i f e r o u s sandstone. The 
development of the Tumbler Beds north of the R i v e r Coquet has already 
been mentioned. The a c t u a l a l t e r n a t i n g limestone-shale sequence i s 
separated from the massive limestone by a shale v/hich v a r i e s i n t h i c k -
ness from 25 to ^5 f e e t ; t h i s shale i s included i n the Tumbler Beds 
which thus have a t h i c k n e s s v a r y i n g between 0 and 66 f e e t , no Tumbler 
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F i g . 13 . S e c t i o n s to i l l u s t r a t e the northward changes i n the upper 
part of the Great Limestone i n the northern part of the 
Alston Block and the southern part of the Northumbrian Trough. 
Beds being present i n one s e c t i o n . Both the s h a l e s ajid limestones of 
the sequence show a tendency to be sandy £ind appsirently the upper part 
i s l o c a l l y replaced by sandstone and sandy s h a l e . Between Embleton Bay 
and Beadnell the Tumbler Beds are 20 f e e t t h i c k . F a r t h e r north i n the 
Lowick area the l i t h o l o g y i s not s i g n i f i c a n t l y developed. 
I n the Canonbie d i s t r i c t on the north side of the Northumbrian Trough, 
bands of dark grey calcareous mudstone occur i n the C a t s b i t Limestone 
(Lumsden and VJilson, I96I) but t h e i r horizon i s not s p e c i f i e d . Thin 
limestone bands sire a l s o present for 20 f e e t 6 inches i n the o v e r l y i n g 
s h a l e which a l s o contains sandy bands and ironstone nodules and bands. 
At the northern end of the Lake D i s t r i c t the Survey (Summ. Prog. 
G.S.G.B.., 1931) record kO f e e t of the Great Limestone as Tumbler Beds. 
This l i t h o l o g y has not been recorded to the east or west of the Leike 
D i s t r i c t but I 8 f e e t of the limestone i d e n t i f i e d as the Great i n the 
borehole at the north end of the I s l e of Man may be c l a s s e d as Tumbler 
Beds although i t i s a predominsintly shaly sequence. 
I n the w e l l exposed area around Stanhope the presence of w e l l 
developed "cauda-g£illi" markings i n the Tumbler Beds i s obvious. The 
markings are common throughout rocks of Carboniferous age but t h e i r 
o r i g i n has eilways been prob l e m a t i c a l . I t has been suggested that they 
were formed by the remains of marine vegetation but t h e i r apparent l a c k 
of i n t e r n a l s t r u c t u r e does not support t h i s . S i m i l a r l y , neither i s there 
much evidence for ein organic o r i g i n for them. A sedimentary o r i g i n , 
perhaps emphasized by weathering, appears to be more i n keeping as an 
explanation of the present observations s i n c e the markings u s u a l l y occur 
i n the limestones at limestone-shale i n t e r f a c e s . 
Fauna 
The. most obvious components of the fauna are the biostromes which 
have already been mentioned. Two of these, the Chaetetes Band at the 
base and the F r o s t e r l e y Band i n the middle, are composed of macro-fossils 
w h i l s t the t h i r d , the Brunton Band, which occurs between the two, contains 
abundant remains of the new a l g a l genus, C a l c i f o l i i u n bruntonense Johnson. 
I n the southern part of the Askrigg Block prominent c r i n o i d banks which 
may be c l a s s e d as bioherms have been recognized (Moore, 1955 and 1958; Hicks, 
1958 and 1 9 5 9 ) . As w e l l as the above there i s quite an abundant fauna 
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s c a t t e r e d throughout the limestone. 
The Chaetetes Band.- The type l o c a l i t y of the band i s Brunton Bank 
Quarry, Northtunberland, and from here i t was o r i g i n a l l y described by 
Johnson (1958). I n t h i s quarry i t a t t a i n s a thickness of k f e e t 6 inches 
and i s at i t s maximum development. 
The band i s c h a r a c t e r i z e d by the tabulate c o r a l Chaetetes depressus 
(Fleming) which occurs i n approximately 1 i n c h t h i c k s l i g h t l y undulating 
sheets which are p i l e d one on top of the other. I n places a sheet may 
occur v;rapped around s o l i t a r y c o r a l s . Diphyphyllum lateseptatum M'Coy 
i s a l s o a common constituent of the band and i t occurs i n l e n t i c u l a r 
c o l o n i e s interbedded with Chaetetes. L o n s d a l e i a l a t i c l a v i a S. Smith 
i s a l s o common and sometimes i t appears that colonies of i t have been 
eroded; t h i s c o r a l i s not as abundant as the other two members of the 
fauna a l r e a d y mentioned but often i t occurs at the horizon of the band 
where both of the other members are absent. Syringopora geniculata 
( P h i l l i p s ) i s a l s o a s s o c i a t e d with Chaetetes at some l o c a l i t i e s . The 
above four c o r a l s are the dominant members of the fauna of t h i s b i o s -
trome but there are a l s o bryozoans, annelids, brachiopods, and other 
c o r a l s a s s o c i a t e d (Johnson, op. c i t . ) . 
I n Northumberland the band l i e s 3 f e e t above the base of the lime-
stone and i s o v e r l a i n by a r i c h l y f o s s i l i f e r o u s dark shale p a r t i n g . How-
ever, on the A l s t o n Block i t i s sometimes developed to wit h i n 6 inches 
of the limestone base and may even occur at the base i n Elmford Cleugh, 
one t h i r d of a mile east of Wearhead. On an average the band l i e s 1 
foot above the base of the limestone on the Block; no prominent shale 
i s developed above i t but the dolomitic matrix to the band noted by 
Johnson (op. c i t . ) i s almost i n v a r i a b l y present. 
The f a r t h e s t point north that the band i s known i s Beadnell where, 
i n the n a t u r a l break-water of Beadnell Harbour formed by the Great Lime-
stone, a band of L o n s d a l e i a and other compound c o r a l s was recorded 3 feet 
from the limestone base by Carruthers et a l . (1927). A s i m i l a r band i s to 
be found on Muckle Carr, o ff C r a s t e r , north of Howick. Johnson (op. c i t . ) 
a l s o records th a t the band i s known i n the Alnwick D i s t r i c t but then there 
i s a gap southwards to the Brunton Bank l o c a l i t y . Close to Brunton Bank 
Quarry Diphyphyllum has been recorded by the author from the base of the 
limestone i n a borehole a t F a l l o w f i e l d Mine. These are the only known 
- 53 -
4 ^ 
' i g . 14. The C h a e t e t e s Band, C h e s t e r ; a r t h Guarrv, Rookhope, ..eardale, 
Tip;. 15. An UD-turned G n a e t e t e s c o l o n y , South V/ashpool Crap-s 
Quarry, B o l l i h o p e . 
occurrences of the biostrome i n the Trough, but there s p a r s i t y i s 
probably due to poor exposure r a t h e r than non-development of the band. 
The band i s known a t 35 separate and widespread l o c a l i t i e s on the 
A l s t o n Block, 30 of these being new ones discovered by the author. I t 
i s seen where the limestone emerges from the bed of the Wear at F r o s t e r -
l e y i n the e a s t and to the west i t occurs on Great Dun F e l l underground 
i n S i l v e r b a n d Mine and south of Cross F e l l i n Crowdundle Beck. At 
s e v e r a l l o c a l i t i e s the b a s a l part of the limestone can be seen c l e a r l y 
but no r e p r e s e n t a t i v e of the band i s present. Occasionally there may be 
a concentration of c r i n o i d debris or s h e l l s a t t h i s horizon when the 
band i s absent; for example, a l e n s of b e a u t i f i i l l y preserved Eomarginifera 
ep. was found east of Harrowbank quarry. Near D i r t Pot, north of A l l e n -
heads, a maximvim t h i c k n e s s of k f e e t 4 inches i s a t t a i n e d but here the 
band i s very poor i n Chaetetes and contains over 3 f e e t of . u n f o s s i l i f e r -
ous limestone. However, k f e e t of limestone, packed with Chaetetes and 
Diphyphyllum i s to be seen i n Elmford Cleugh and a l s o i n Ayle Burn Quarry, 
one mile east-north-east of Ayle. The band i s l i a b l e to die out or become 
much reduced l a t e r a l l y and t h i s i s w e l l exemplified i n the area around 
Rookhope. I n Chestergarth Quarry, which i s now a scheduled s i t e of 
s p e c i a l s c i e n t i f i c i n t e r e s t preserved by the Nature Conservancy, an 
e x c e l l e n t development of the Chaetetes Band with Diphyphyllum ( F i g . 1^) 
atted.ns a t h i c k n e s s of 3 f e e t . T h i s band i s represented by one wisp of 
Chaetetes, an i n c h t h i c k , i n the Rookhope Borehole which was d r i l l e d a 
l i t t l e over h a l f a mile to the north-west. On the Alston Block there i s 
some i n d i c a t i o n that current a c t i v i t y a f f e c t e d the band i n the presence 
of eroded L o n s d a l e i a c o l o n i e s ; a l s o the l e n t i c u l a r i t y may be due to 
c u r r e n t s d e s t r o y i n g a formation which was once more continuous. I n South 
Washpool Crags Quarry, Bollihope, an up-turned small colony of Chaetetes 
( F i g . 15) occurs 10 f e e t above the limestone base. Although i t s p o s i t i o n 
may have been due to current a c t i v i t y i t i s probably un-related to the 
main Chaetetes Band, however, s i n c e supposedly continuous posts of l i m e -
stone occur between the two horizons. 
The biostrome has only been recorded i n the southern part of the 
Cotherstone S y n c l i n e , a poor r e p r e s e n t a t i v e being found i n the Barnard 
C a s t l e neighbourhood where the dolomitic matrix a l s o p e r s i s t s (Johnson, 
op. c i t . ) . I n the north-east part of the Askrigg Block Wells (1955a and 
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1957) discovered two l o c a l i t i e s of the band i n c l o s e proximity to each 
other i n W h i t c l i f f e S c a r approximately three miles west of Richmond; 
one of these contained Chaetetes and the other Lonsdaleia. Lonsdaileia 
was a l s o recorded from the limestone base on the north side of E e l H i l l , 
three m i l e s south-v/est of Barningham. On the west s i d e of the Askrigg 
Block, Turner (1962) has sho\m that the Chaetetes Band i s e x t e n s i v e l y 
developed i n the upper part of the Vale of Eden and a l s o i n upper Wensley-
dale, 23 l o c a l i t i e s being recorded i n E i l l . As on the Alston Block there 
are p l a c e s where the lowest part of the limestone i s c l e a r l y seen but i s 
u n f o s s i l i f e r o u s . A ssociated with the Chaetetes i n t h i s area are 
P a l a e o s m i l i a r e g i a ( P h i l l i p s ) and L o n s d a l e i a f l o r i f o r m i s . The band a l s o 
occurs on the Buttertubs, two m i l e s south-v/est of Thwaite, T h i s northern 
p a r t of the Askrigg Block i n which the Chaetetes Band i s fovmd f l a n k s sin 
a r e a to the south i n which Moore (1955 and 1958) has recognized a wide-
spread band with a dominant l i t h o s t r o t i o n i d and c l i s i o p h y l l i d fauna near 
the base of the limestone. T h i s i s c e r t s i i n l y the c o r a l band which Hudson 
(192^) recorded i n Wensleydale, Moore has shown that t h i s band i s best 
developed to the south of the R i v e r Ure where i t has an average thickness 
of 4 f e e t and a mabcimum th i c k n e s s of 5 f e e t . Northwards i t dies out bet-
ween Wensleydale and Swaledale, only being poorly represented on the south 
s i d e of the R i v e r Swale. The southern boundary has not been delimited 
but Hicks (1958) did not record i t i n the south-v/est psirt of the Block 
and Wilson (196O) remarks upon the paucity of f o s s i l s i n the limestone 
i n the south-east part of the Block, The band i s dominantly composed of 
Diphyphyllum fasciculatum (Fleming) but r o l l e d c l i s i o p h y l l i d s may a l s o be 
present and i n the north-west psirt of the area of occurrence the l a t t e r 
are the major c o n s t i t u e n t s of the band, Lo n s d a l e i a i s quite common w h i l s t 
C l i s i o p h y l l u m and Aulophyllum are alv;ays subsidisiry. I n the north-
western part of the a r e a mentioned above there i s v i r t u a l l y sm overlap 
with the true Chaetetes Band at the Buttertubs sind there seems no doubt 
that t h i s modified fauna r e p r e s e n t s the ssime b a s a l biostrome of the lime-
stone. The change i n fauna may be i n d i c a t i v e of some environmental 
v a r i a t i o n . 
To the west of the Block the Chaetetes Band has been found i n the 
Great S t r i c k l a n d Limestone at King's Meaburn, near Appleby (Johnson, 
1958) , and i t may be present i n the R i v e r L e i t h below W a t e r f a l l s Bridge, 
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north of Great S t r i c k l a n d , v/here M i l l e r and Turner (1931) recorded 
A l v e o l i t e s as being common. 
I n West Cumberland, west of Cockermouth, a band of Diphyphyllum 
c . f . g r a c i l e M'Coy was recorded as being of general occurrence ( E a s t -
wood, 1930) i n a brown-weathering limestone about 3 f e e t above the 
limestone base; t h i s i s probably the r e p r e s e n t a t i v e of the Chaetetes 
Band i n West Cumberland. 
The Brunton Band.- The type l o c a l i t y f o r t h i s band i s at Brunton 
Bank Quarry from where i t was a l s o o r i g i n a l l y described by Johnson (1958) 
No o r i g i n a l work has been c a r r i e d out on i t by the author s i n c e i t i s 
not p o s s i b l e to recognize i t i n the f i e l d . 
I t i s c h a r a c t e r i s e d by the a l g a l genus C a l c i f o l i u m bruntonense 
Johnson and contains abundant f o r a m i n i f e r a and other calcareous algae. 
M a c r o - f o s s i l s are v i r t u a l l y absent but occ a s i o n a l brachiopods are some-
times a s s o c i a t e d . 
At i t s type l o c a l i t y i t l i e s I8 f e e t above the limestone base and 
i s . approximately 12 f e e t t h i c k . I n Middle Tongue Beck on Great Dun F e l l 
i t expands to 19 f e e t t h i c k . 
The bajid i n v a r i a b l y appears to occur d i r e c t l y below the F r o s t e r l e y 
Band where the l a t t e r i s present, silthough o c c a s i o n a l fragments of 
C a l c i f o l i u m have been found above. 
The biostrome has a widespread d i s t r i b u t i o n having been recognized 
as f a r north as the Morpeth d i s t r i c t and i n Coverdale to the south, with 
d i s c o v e r i e s over the whole a r e a i n between. Further information regard-
i n g t h i s biostrome may be found i n Johnson (op. c i t . ) . 
The F r o s t e r l e y Band.- The type l o c a l i t y of t h i s band i s Harehope 
Quarry, F r o s t e r l e y , where i t was formerly worked f o r the well-known 
ornamental stone named F r o s t e r l e y Marble, The quarry, owned by Mr, J . 
Emerson, i s now only worked for limestone which i s burnt to produce high 
q u a l i t y / l i m e . The Marble was f i r s t mentioned i n the l i t e r a t u r e by Winch 
(1817) and subsequently by Hind (1902). Dunham (19^8) i n f e r r e d that i t 
may be a widespread horizon and t h i s was substa n t i a t e d by Johnson (1958) 
who showed that the band as a whole was of quite widespread occurrence. 
The a c t u a l F r o s t e r l e y Marble component i s formed of a t i g h t l y packed 
mass of Dibunophyllum bipartitum (M'Coy) with s u b s i d i a r y Koninckophyllum, 
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F i g . l 6 a . The F r o s t e r l e y Marble Band, Harehope Quarry, We«rdale< 
F i g . l6b. Close-up of the above F r o s t e r l e y Marble Band. 
F i g , 17, Gigantoproductue bands i n the F r o s t e r l e y Band, Ashes E a s t 
Quarry, Weardale, 
Aulophyllum and Csminia ( F i g , 1 6 ) ; i t i s thus composed of simple rugose 
c o r a l s . However, the band which was g e n e r a l l y extracted for marble, the 
E l s y post, i s only one of a number of bands which as a whole form the 
biostrome. Gigantoproductus l a t i s s i m u s ( J . Sowerby) i s often a prominent 
c o n s t i t u e n t of these other bands and may occur intermixed with the simple 
rugose c o r a l s along with L o n s d a l e i a l a t i c l a v i a , Diphyphyllum lateseptatvm, 
the o c c a s i o n a l Gigantoproductus giganteus ( J . Sowerby) and numerous 
s m a l l e r brachiopods such as Melasma. Gigantoproductus a l s o forms bands 
i n which i t i s v i r t u a l l y the only constituent ( F i g . 1 7 ) . Chaetetes sp. 
has been found to be remarkably common upon close examination of the 
bands and i t occurs i n small c o l o n i e s some of which appesir to have been 
eroded. The s e c t i o n a t Harehope Quarry gives some i d e a of the composite 
nature of the band and i s as f o l l o w s : -
C r i n o i d a l limestone 
Limestone with Dibunophyllum and a Lonsdaleia colony 7" 
Limestone 1' 0" 
Limestone with o c c a s i o n a l Dibunophyllum 3" 
Limestone with L o n s d a l e i a c o l o n i e s (eroded and one 
?overturned), Gigantoproductus and occasi o n a l 
Dibunophyllum - not r i c h 2 ' 1" 
Limestone with Dibunophylliim, a Diphyphyllum colony, 
s m a l l L o n s d a l e i a c o l o n i e s and some Gigantoproductus 2 ' 2" 
Limestone with r a r e c o r a l s 2 ' 0" 
Limestone with Dibunophyllum 5" 
Limestone 1 ' 3" 
Limestone with abundant Dibunophyllum ( F r o s t e r l e y 
Marble) 1• 8" 
Limestone with occsisional c o r a l s and productids 1 • 0" 
Limestone with Dibunophyllum, Gigantoproductus 
and Diphyphyllum 1• 0" 
Limestone 5" 
Limestone with Dibunophylliim and Gi^antoproductus 
Limestone 3" 
Limestone with Gigantoproductus 2" 
Limestone with o c c a s i o n a l c o r a l s and brachiopods 1' 8" 
Limestone with Gi gant o pro due tus and Dibunophyllum k" 
C r i n o i d a l limestone 
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Elsewhere, the i n d i v i d u a l f o s s i l i f e r o u s bands may be separated by 
greater t h i c k n e s s e s of u n f o s s i l i f e r o u s limestone; a l s o , the bands may 
s p l i t and consequently t h i n , or j o i n together to form a s i n g l e t h i c k e r 
band. Three p o i n t s emerge from the s e c t i o n i n Harehope Quarry as 
f o l l o w s : -
( i ) Gigantoproductus i s most common at the base of 
the biostrome; t h i s e x p l a i n s the d e r i v a t i o n of the name 
of the Cockle posts which contain t h i s fauna (Table V ) , 
( i i ) Dibunophyllum i s dominant i n the centre and i t 
was from here that the F r o s t e r l e y Marble was extracted, 
E l s y post being the most important, 
( i i i ) A more v a r i e d fauna . i s developed i n the upper 
part but often simple rugose c o r a l s are dominant. This 
i s i n the Mucky and Crabby posts. The Pea post of New-
la n d s i d e i s only a l o c a l development and was probably so 
named because i t contains a colony of Diphyphyllum. 
The biostrome a t t a i n s i t s maximum development on the Alston Block 
and i s best developed i n the Weardale Quarries, p a r t i c u l a r l y those around 
Stanhope and F r o s t e r l e y , where the base of i t occurs between 25 and 33 
f e e t above the limestone base and i t s thickness v a r i e s from n i l to 21 
f e e t w i t h an average of 13 to 14 f e e t . The v a r i a b l e p o s i t i o n of the base 
i s probably mainly due to the v a r i a b l e thickness of the limestone since 
i t seems l i k e l y that the lower Gigantoproductus beds are of a p e r s i s t e n t 
horizon (the Cockle p o s t s ) and constantly developed except where the 
whole band i s absent. The v a r i a b l e thickness i s obviously due to the 
v a r i a b l e dying out of the upper components because where the biostrome 
i s very t h i n i t can u s u a l l y be recogniized as part of the Gigantoproductus 
beds and i t s p o s i t i o n i n the limestone bears t h i s out. Also there i s an 
obvious c o r r e l a t i o n between thickening of the ove r l y i n g Tumbler Beds and 
complete absence of the biostrome although the two have no d i r e c t contact 
(Table V ) . T h i s i s w e l l i l l u s t r a t e d i n Harrov/bank Quarry where the 
Tumbler Beds are e x c e s s i v e l y t h i c k and there i s no t r a c e of any f o s s i l 
bands. I n South Washpool Crags Quarry the fauna dies out as the lime-
stone posts t h i n ; a l s o , a s i m i l a r phenomenon i s seen i n Ashes Quarry, 
Stanhope. 
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The F r o s t e r l e y Marble component i s not widely developed and i s only 
to be found e x t e n s i v e l y around Stanhope and F r o s t e r l e y i n Earehope, 
Broadwood and the Parson Byers Q u a r r i e s . Elsewhere, at other horizons, 
i n d i v i d u a l bsinds occur i n which there i s a concentration of simple 
rugose c o r a l s but the c o r a l s are never so abundant as i n the F r o s t e r l e y 
Marble and often there i s an admixture with the r e s t of the fauna. 
The biostrome i s euLso w e l l developed i n Weardale on the north side 
of the v s i l l e y as f a r west as Wearhead but nowhere i s i t as strong as i n 
the Stanhope-Frosterley region. However, the ba s a l Gigantoproductus beds 
are u s u a l l y apparent. A 2 f e e t t h i c k r i c h l y c o r a l l i n e band i n G r e e n f i e l d 
Quarry, north of Wearhead, completely d i e s out wi t h i n 6 f e e t along the 
quarry f a c e ; the bsmd i s probably the re p r e s e n t a t i v e of the F r o s t e r l e y 
Marble. T h i s l o c a l i t y i s the only one where such an abrupt thinning of 
a band i s seen, although the l e n s i n g out of i n d i v i d u a l bajids i s probably 
quite common but i t i s not u s u a l l y conspicuous. 
I n Teesdale the biostrome i s w e l l represented i n the area north of 
Middleton where Jones (1956) recognised that i t was made up of a number 
of i n d i v i d u s i l bsmds. I t i s not as stro n g l y developed as i n the Steuihope 
Q u a r r i e s , however. 
Over the remainder of the southern part of the Alston Block the 
biostrome can frequently be recognized, although i t i s often composed of 
a s i n g l e band no more than 2 f e e t t h i c k and sometimes only a few inc h e s . 
I t may a t t s i i n the average t h i c k n e s s reached i n the Stanhope Quarries but 
i t s components are then u s u a l l y only weakly developed. I t has been found 
to be completely absent at some l o c a l i t i e s . Where i t i s a s i n g l e bsmd 
the p o s i t i o n i n the limestone i s v a r i a b l e from locsuLity to l o c a l i t y , but 
i n a number of cases i t occurs i n the p o s i t i o n of the Gigeintoproductus . 
beds and contains the typicsuL fauna of these, often with G.giganteus. 
Elsewhere, the bsuid l i e s w i t h i n the range of p o s i t i o n that the biostrome 
occupies i n the Stanhope Q u a r r i e s . No doubt t h i s i s due to the bands 
being i n d i v i d u a l l e n s e s developed a t d i f f e r e n t horizons w i t h i n the 
r e s t r i c t e d range of the complete biostrome. The l e n t i c u l a r nature i s 
not apparent except i n G r e e n f i e l d Quarry and the i n d i v i d u a l l e n s e s must 
be of considerable extent. 
North of a l i n e a c r o s s the Alston Block, running east-west silong the 
water-shed between Weardale and the A l l e n d a l e s , the F r o s t e r l e y Band i s 
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weakly represented whereas south of the l i n e the band i s strongly 
developed i n the Rookhope neighbourhood and around Wearhead. Around 
Allenheads and i n the Swinhope boreholes (Dunham and Johnson, 1962) 
i t i s only poorly and s p o r a d i c a l l y represented. I n Thorn Green Quarry, 
one mile north-west of Allenheads, a band with Gigantoproducttis i s 
present. The band has not been recognised i n West A l l e n d a l e nor i n the 
v i c i n i t y of B l a g i l l , but a t h i n Gigantoproductus band i s present i n 
Ayle Burn Quarry where G.giganteus i s quite common. No trace of the 
band was reported by Short (195^) f o r the north-west part of the Block 
although T r o t t e r and Hollingworth (1932) record abundant Dibunophyllum 
from C r o g l i n Water. 
Below the base of the biostrome on the Alston Block, e s p e c i a l l y i n 
Weardeile, t h i n l e n s e s with a s i m i l a r fauna have been recognized as low 
as 10 f e e t above the limestone base, but they are u s u a l l y only a few 
in c h e s t h i c k and markedly l e n t i c u l a r . However, i n Teesdeile on West 
Binks Edge, one mile south-west of Pike Law, poor coral-brachiopod bands 
occur through 16 f e e t of s t r a t a , s t a r t i n g only 11 f e e t above the lime-
stone base. 
The biostrome occurs i n the north-east part of the Cotherstone 
S y n c l i n e but d i e s out west of Grassholme Reservoir (Reading, 195^ and 
1957) . W e l l s (1955 and 1957) has recorded i t i n the extreme north-east 
part of the Askrigg Block where i t occurs i n the R i v e r Greta, S l e i g h t -
holme Beck and E l l e r Beck. At none of these l o c a l i t i e s i s i t prominent 
but f u r t h e r south Moore (1955» 1958) has recorded h i s Gigantoproductid 
beds i n the c e n t r a l part of the Block a t a s i m i l a r p o s i t i o n i n the 
limestone. These beds are best developed north of Hawes where they 
a t t a i n a t h i c k n e s s of n e a r l y 20 f e e t . Usually the s e r i e s of beds i s 
composed of va r i o u s forms of Gigantoproductus with s u b s i d i a r y c o r a l s , 
the most important of which are Chaetetes radians ( F i s c h e r de Waldheim), 
L o n s d a l e i a sp,, Dibunophyllum bipartitum, Aulophyllum fungites (Fleming) 
and Syringopora sp. These forms are s i m i l a r to those i n the F r o s t e r l e y 
Band of the type l o c a l i t y and i n the northern part of the area considered 
by Moore, near Muker, c o r a l s become the dominant component of the fauna. 
I n a l l d i r e c t i o n s away from Hawes the band i s reduced i n th i c k n e s s . I t 
i s imknovm i n the south-east part of the Block and was not recorded on 
the west s i d e by e i t h e r Hicke (1958) or Rowell and Scanlon (1957a) . 
- 60 -
However, what i s probably a t h i n r e p r e s e n t a t i v e has been found i n the 
upper Eden v a l l e y south of Kirkby Stephen (Johnson, I958) by Mr, J , S. 
Turner, 
The dying out of the biostrome i n a northerly d i r e c t i o n on the 
A l s t o n Block has already been noted and Johnson (1958) reports that i t 
has not been recognized north of the S t u b l i c k F a u l t s . However, s c a t t e r e d 
simple c o r a l s do occur a t approximately the c o r r e c t horizon i n the Brun-
ton Bank ar e a of the Northumbrian Trough and o c c a s i o n a l productids have 
been noted i n Greenleighton qusirry at a s i m i l a r horizon. I n the Lowick 
d i s t r i c t of north Northumberland, near Dryburn, Carruthers et al. ( 1 9 2 7 ) 
recorded a 1 foot band with c l i s i o p h y l l i d s which occurs 6 f e e t below the 
top of the 25 f e e t t h i c k Dryburn limestone; t h i s may be the representa-
t i v e of the F r o s t e r l e y Band. 
The F r o s t e r l e y Band has not been recorded i n any other regions but 
the above. Thus, i t i s v i r t u a l l y confined to the Northumbrian F a u l t -
Block and, t h e r e f o r e , i t has a more r e s t r i c t e d d i s t r i b u t i o n than the other 
two biostromes. 
Where i t i s represented the biostrome has undoubtedly been a f f e c t e d 
by some cu r r e n t a c t i v i t y s i n c e the simple c o r a l s are frequently devoid of 
t h e i r e p i t h e c a l w a l l s and have sometimes been fragmented, both of the 
l a t t e r being reasonable i n d i c e s of movement by c u r r e n t s . However, i n 
other cases the g ) i t h e c a l v/alls are completely i n t a c t i n a whole bsmd. 
Almost i n v a r i a b l y the c o r a l s occur i n a h o r i z o n t a l p o s i t i o n , but t h i s 
f e a t u r e could be explained s a t i s f a c t o r i l y by c o l l a p s e of the i n d i v i d u s i l s 
a f t e r death r a t h e r than by current a c t i o n . Some of the Lonsdaleia 
c o l o n i e s have been eroded and one i n Harehope quarry appears to be 
overturned ( F i g . I 8 ) . R e l a t i v e l y few of the productids are overturned, 
most of them o c c u r r i n g with t h e i r concave s i d e upwards i n the p o s i t i o n 
of growth ( F i g . 1 7 ) . However, at a number of l o c a l i t i e s , a loceil 
p r e f e r r e d o r i e n t a t i o n of the s h e l l s i s apparent; presumably t h i s o r i e n -
t a t i o n i s due to current movements which were not strong enough to over-
turn the s h e l l s from t h e i r p o s i t i o n of growth i n t o a s o - c a l l e d s t a b l e 
p o s i t i o n , but were of s u f f i c i e n t strength to s h i f t i n d i v i d u a l s about i n 
a h o r i z o n t a l plane. F u r t h e r work upon the o r i e n t a t i o n may prove u s e f u l 
and allow an e l u c i d a t i o n of current d i r e c t i o n s , t h e i r p e r s i s t e n c e and 
s t r e n g t h . Thus, i t seems l i k e l y that there was some current a c t i v i t y 
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F i g . l 8 a . A Diphyphylluin colony with an over-turned L o n s d a l e i a 
colony above i t i n the upper part of the F r o s t e r l e y 
Band, Harehope Quarry, Weco'dale. 
F i g . l 8 b . Close-up of the above over-turned L o n s d a l e i a colony. 
but i n the author's opinion i t was only of l o c a l s i g n i f i c a n c e and not 
adequate to cause the f a i l u r e or poor development of the band over vd.de 
a r e a s . The r e g i o n a l d i s t r i b u t i o n of the concentrated coral-brachiopod 
fauna i s b e l i e v e d to be an o r i g i n a l f e a t u r e , probably r e l a t e d i n some 
way to other environmental c o n d i t i o n s . However, some concentration of 
the fauna may be due to current a c t i v i t y p i l i n g up the f o s s i l s l o c a l l y , 
C r i n o i d Banks.- I n the south-west part of the Askrigg Block, south 
of Wensleydale, c r i n o i d banks have been recognized by Moore (1955 and 
1958) and Hicks (1958 and 1959) i n t h e i r nearly adjacent areas. Where 
the Gigantoproductus beds are present the banks u s u a l l y occur below 
them but they are sometimes interbedded. When the productid beds are 
absent the banks may extend higher up i n the limestone, as, for example, 
at Greensett Craggs, Whernside, They are composed of a r t i c u l a t e d colvimns 
of c r i n o i d o s s i c l e s up to 1 foot i n length and contain v i r t u a l l y no 
supporting fauna. 
A l i t t l e to the north, but mainly to the south of Hawes there 
appears to have been a continuous bed over an extensive area, averaging 
20 f e e t t h i c k with a maximum of 28 f e e t 6 inches (Moore, op. c i t . ) . 
North and west of t h i s area, discrete, r e e f s were developed which are 
u s u a l l y about ten f e e t t h i c k . The limestone of Ingleborough i s high l y 
c r i n o i d a l and was probably formed as a f l a n k i n g deposit to one of the 
r e e f s . E x t e n s i v e r e e f s a r e not known north of Swaledale, etlthough Read-
i n g (195^) records 10 f e e t of very c r y s t a l l i n e limestone containing masses^ 
of c r i n o i d o s s i c l e s of all s i z e s near the top of the Madn Limestone on 
the south limb of the Cotherstone S y n c l i n e , west of A y g i l l Cottages. 
The limestone penetrated i n boreholes near Rowton S i k e , south of Lune-
head, i s a l s o very c r i n o i d a l . I n other areas the limestone contains much 
c r i n o i d d e b r i s but nothing comparable with the c r i n o i d bsinks i s developed. 
The banks are best described as bioherms s i n c e they are not of einy 
great l a t e r a l extent u s u a l l y and are generally of l e n s - l i k e fom. T h e i r 
r e s t r i c t i o n to the south-west part of the AskriggiBlock may be of some 
environmental s i g n i f i c a n c e . 
General Fauna.- D i s t r i b u t e d throughout the limestone there i s a 
f a i r l y p r o l i f i c fauna apart from that contained i n the biostromes. 
Faunal l i s t s f o r the limestone have been given by the following authors:-
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P h i l l i p s (1836) , Lebour (1875) , Dakyns et al. ( 1 8 9 1 ) , 
Hind ( 1902) , Hughes ( 1908) , Smith (191O), Garwood 
and Goodyear (192^) , Lee (192^) , Turner (1927) , 
T r o t t e r and Hollingworth (192? and 1932) , Eastwood 
(1930) , Eastwood et a l . ( l 9 3 1 ) , M i l l e r and Turner 
(1931) , H i l l ( 1938) , Dunham (19^8) , Reading (195^) , 
Short (195^) , Wells (1955a) , Jones (1956) , Rowell 
and Scanlon (1957a) , Johnson (1958 and 1959)., Moore 
( 1 9 5 8 ) , Wilson (1960) , Hicks ( 1958) , Ferguson ( I 9 6 1 ) . 
A prominent member of the fauna d i s t r i b u t e d throughout the massive 
limestone i s L o n s d a l e i a l a t i c l a v i a , the s o - c a l l e d index f o s s i l of the 
Great Limestone, I t occurs i n small colonies of up to 1 foot diameter 
which often appear to have been eroded to some extent. Dibunophyllim 
bipartitum and other simple rugose c o r a l s are a l s o common. Of the 
compound c o r a l s Syringopora i s the most common but Chaetetes i s a l s o 
present as w e l l as Diphyphyllum. L i t h o s t r o t i o n junceum has not been 
found i n the Great Limestone by the author or other recent workers 
although i t was reported by T r o t t e r (1952) as being present. Much 
c r i n o i d d e b r i s and fragmentary s h e l l m a t e r i a l occurs i n the limestone. 
The Tumbler Beds s h a l e s often contaiin a p r o l i f i c fauna which has 
been recorded by Ferguson (op. c i t . ) . Of p a r t i c u l a r i n t e r e s t i n t h i s 
are the problematic Palaeocoryne and r e l a t e d new genus Claviradix.. 
The f o s s i l s are often i n c l o s e a s s o c i a t i o n with the bryozoan F e n e s t e l l a , 
to which they bear some s i m i l a r i t y , but they are separate organisms 
whose exact a f f i n i t i e s are unknown. The author has c o l l e c t e d some of 
these f o s s i l s but the m a t e r i a l has been presented to Mr. Ferguson. 
Within the s h a l e s the mucronate t r i l o b i t e Weberides mucronatus (Martin) 
i s q u i t e commonly found. The Tumbler Bed limestones are l o c a l l y very 
f o s s i l i f e r o u s and contain numerous small and o c c a s i o n a l l y l a r g e r brach-
iopods. I n Middlehope Burn, north of Westgate, numerous Dibunophyllum 
occur i n limestone which i s i n t e r p o l a t e d as being close to the Great 
Limestone top and consequently w i t h i n the Tumbler Beds. Exposure i s 
very poor i n the area and i t i s impossible to determine the exact 
p o s i t i o n , however. A s i m i l a r occurrence of c o r a l s at the top of the 
limestone i n Eggleston Burn, Teesdale, was noted by Jones ( 1956) . I n 
the Stanhope q u a r r i e s Chaetetes has been found w i t h i n the Tumbler Beds 
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where i t forms bulges on the surface of the limestone posts; these 
p r o j e c t i n t o the o v e r l y i n g or underlying s h a l e s . 
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CHAPTER IV 
THE COAL SILLS GROUP AND ITS LATERAL EQUIVALENTS 
GENERAL 
The s t r a t a to be considered here are the e s s e n t i a l l y non-calcareous 
measures of the cyclothem which succeed the limestone and for the main 
part c o n s i s t of s h a l e s and sandstones with s u b s i d i a r y coals and t h i n 
marine bands. A l a r g e area where chert was formed a l s o e x i s t s i n the 
north-east part of the Askrigg Block, however. 
The a r e a of Northern England can be conveniently sub-divided f o r the 
purpose of d e s c r i b i n g these beds. T h i s does not i n f e r i n any way that 
there were sepairate areas of deposition during t h e i r formation, except 
the w e l l known d i v i s i o n between the F a u l t - B l o c k and the Bowland Trough. 
The f o l l o w i n g d i v i s i o n s of the area are proposed:-
The A l s t o n Block 
The Askrigg Block and Cotherstone (Stainmore) S y n c l i n e 
The Northumbrian Trough 
The Canonbie D i s t r i c t 
The E a s t and North rim of the Lake D i s t r i c t 
The West rim of the Lake D i s t r i c t 
The Kirkby -Lonsdale Area 
The I s l e of Man 
The Craven D i s t r i c t 
The Furness D i s t r i c t 
The A l s t o n Block w i l l be d e a l t with more f u l l y than the r e s t s i n c e 
t h i s i s the a r e a which the author has resurveyed i n d e t a i l . Information 
f o r the other regions has been mainly c o l l e c t e d from theses and published 
papers but some f i e l d observations have been made by the author a l s o . 
The value of the Great Limestone and i t s equivalents during the 
examination of t h i s group of beds cannot be over emphasized since the 
limestone forms an e x c e l l e n t datum l i n e f o r mapping purposes and, probably 
more important, i t s exact top can frequently be seen i n s e c t i o n s to be 
measured. The prominent topographic feature of the limestone has already 
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been mentioned. T h i s may be compared with the hap-hazard fe a t u r e s which 
are u s u a l l y formed i n the ground on the Fault-Block occupied by the beds 
to be considered here. There i s , however, an exception to t h i s general 
r u l e , because where the uppermost sandstone of the cyclothem (the White 
Hazle of the Alston Block) i s w e l l represented, i t combines with the 
o v e r l y i n g Upper L i t t l e Limestone to form a prominent combined f e a t u r e . 
The t h i c k sandstone of the Northumbrian Trough sequence a l s o forms 
prominent s c a r p s , 
THE ALSTON BLOCK 
In t r o d u c t i o n 
C o r r e l a t i o n of i n d i v i d u a l beds over an extensive area w i t h i n the 
Yoredale f a c i e s , apart from the prominent limestones, i s often d i f f i c u l t . 
At f i r s t s i g h t the Coal S i l l s Group s t r a t a of t h i s region appear to be no 
exception, but once the d e t a i l e d s t r a t i g r a p h y i s examined the sheet semd-
stones which comprise the Low and High Coal S i l l s appesir not to be so 
l e n t i c u l a r as might seem apparent. The High Coal S i l l coal a l s o appears 
to be a widespread horizon and has proved u s e f u l for c o r r e l a t i o n purposes; 
i t i s not u s u a l l y w e l l exposed but because of i t s u s e f u l n e s s i n c o r r e l a t i o n 
a l a r g e amount of digging has been done to l o c a t e i t . The other coals of 
the group are a l s o badly exposed and at many l o c a l i t i e s they have had to 
be excavated. The f o s s i l s found are u s e l e s s for c o r r e l a t i o n purposes i n 
such a s m a l l v e r t i c e i l range of s t r a t a s i n c e they u s u a l l y belong to f a c i e s 
faunas. Consequently, the l i t h o l o g i c a l v a r i a t i o n s i n a l a r g e number of 
v e r t i c a l s e c t i o n s have been employed as an a i d to c o r r e l a t i o n . Although 
dangers e x i s t i n using t h i s method i t i s the only means a v a i l a b l e . 
The t y p i c a l Cosil S i l l s Group succes s i o n i s found i n t h i s area, the 
type l o c a l i t y being i n Alston Moor. The o r i g i n a l succession set down by 
Westgarth F o r s t e r (1809) i s shown i n F i g . 3 w h i l s t the modifications put 
forward by other workers have been dealt with i n Chapter I . O r i g i n a l work 
by the author on the b a s i s o u t l i n e d above i n d i c a t e s that, i n general, the 
t y p i c a l s u c c e s s i o n extends over a much wider region thaxi Alston Moor. A 
number of e l a b o r a t i o n s and v a r i a t i o n s have come to l i g h t but u s u a l l y they 
can be s a t i s f a c t o r i l y r e l a t e d to the modified standard succession of 
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F o r s t e r (op. c i t . ) . An elaborated but generalized s e c t i o n f or the area 
i n which a s u c c e s s i o n c l o s e l y r e l a t e d to the type sequence can be recog-
nized i s given i n F i g . 19. I n general, t h i s area l i e s to the north of a 
l i n e drawn east-west along the Tees-Wear watershed to the east of the 
long-itude of Alston, but i n addition i t embraces the Cross F e l l range, 
Rotherhope F e l l and the ground to the west of the Burtreeford Disturbance 
i n upper Teesdale which l i e s north of Harwood Beck. An even more wide-
spread occurrence of the type sequence i s i l l u s t r a t e d by the remarkable 
f a c t t h a t the Harton Borehole ( P I . IV, 1 ) proved a s i m i l a r succession 
even though the hole was d r i l l e d some f o r t y miles east-north-east of 
Al s t o n Moor on the Durham coast. T h i s whole region w i l l be r e f e r r e d to 
as the type a r e a for d e s c r i p t i v e purposes although the o r i g i n a l type 
l o c a l i t y l i e s i n Alston Moor. Within the type area, the t y p i c a l success-
i o n i s w e l l developed i n the Stanhope q u a r r i e s where i t i s completely 
exposed i n Ashes Quarry ( F i g . 20) and Newlandside Quarry. 
South of the above area, i n Teesdale, the sequence i s not c l o s e l y 
comparable because the Low Coal S i l l d i e s out, or i s only very poorly 
represented, w h i l s t a t l e a s t one other sandstone becomes a prominent 
member of the succession; t h i s l a t t e r sandstone appears to be c o r r e l a t a b l e 
with the l e n t i c i i l a r marine band which i s found above the High Coal S i l l i n 
the type a r e a ( F i g . 1 9 ) , E a s t of the R i v e r South Tyne, i n the north-v;est 
part of the Block, the sequence i s more comparable with that of the North-
umbrian Trough and consequently i t provides a d i r e c t l i n k between the 
Block and Trough. 
Thickness V a r i a t i o n 
The v a r i a t i o n i n t h i c k n e s s of the Group as a whole i s shown i n P l a t e 
I I I . Over most of the Block the range i s between a maximum of a l i t t l e 
over 120 f e e t and a minimum of ¥f f e e t , but i n the extreme north-west on 
the Escarpment the maximum may be exceeded i n L i t t l e Bleaberry G i l l , New 
Water ( T r o t t e r and Hollingworth, 1932) , The normal thickness l i e s below 
75 f e e t but i s r a r e l y l e s s than 50 f e e t . F a c t o r s p e r t a i n i n g to the t h i c k -
ness v a r i a t i o n of the Group are as f o l l o w s : -
( i ) L o c a l thinning i s caused by condensation of the 
complete sequence as i n Rotherhope F e l l Mine ( f l . IV, 6 5 ) . 
( i i ) FadLlure or poor development of one or more of the 
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F i g . 19. Generalized s e c t i o n of the Coal S i l l s Group sequence on 
the Alston Block. 
sheet sandstones may cause a thinning of the sequence, 
or expansion may cause a thickening. 
( i i i ) Thickening of the sequence silso takes place due 
to the presence of t h i c k channel sandstones, one of 
which c u t s i n t o the Great Limestone along part of i t s 
course; t h i s major channel i s marked by isopachs of 
over 100 f e e t and trends south-south-west from Blanch-
land ( P I . I I I ) . 
( i v ) Replacement of the upper part of the underlying 
limestone by s h a l e , s i m i l a r to that shown i n F i g . 13, 
a l s o r e s u l t s i n a t h i c k e n i n g of the Group; t h i s phenomenon 
i s probably e f f e c t i v e on a r e g i o n a l s c a l e i n the north-
west p a r t of the Block where the limestone i s of a s i m i l a r 
t h i c k n e s s to that i n the Northiunbrian Trough. Conversely, 
a t h i n n i n g of the Group may a r i s e due to l o c a l replacement 
by limestone of the s h a l e which occurs above the normal 
limestone top, as i n Ashes Quarry, Stanhope. 
(v) A r e g i o n a l t h i c k e n i n g teikes place tovmrds the north-
west corner of the Block and i s probably the r e s u l t of t h i s 
a r e a sagging i n sympathy with the adjacent Trough during 
d e p o s i t i o n . Accompanying t h i s r e g i o n a l thickening there 
i s an i n c r e a s e i n the proportion of the complete sequence 
formed by the beds between the Great Limestone top and the 
Low Coal S i l l c o a l as compared with the proportion formed 
by them on the r e s t of the Block. T h i s feature w i l l be 
f u l l y d e a l t with i n the Northumbrian Trough s e c t i o n of t h i s 
chapter s i n c e the change i s more c l o s e l y r e l a t e d to that 
r e g ion, 
( v i ) The apparent r e g i o n a l thickening towards the Pennine 
F a u l t System i n the west may be due to the l a t t e r being a 
contemporaneous h i n g e - l i n e during sedimentation, s i m i l a r to 
the S t u b l i c k F a u l t System; i n s u f f i c i e n t d e t a i l of thickness 
v a r i a t i o n allows no more than s p e c u l a t i o n upon t h i s matter, 
however. 
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Summarized Stratigraphy 
The base of the suc c e s s i o n i s formed by the top of the Great Lime-
stone w h i l s t the upper l i m i t i s defined by the base of the Upper L i t t l e 
Limestone, the l a t t e r being by no means as w e l l exposed as the Great. 
I n d e s c r i b i n g the s t r a t i g r a p h y of the sequence on the Alston Block 
the type s u c c e s s i o n w i l l be s y s t e m a t i c a l l y dealt with. I t w i l l a l s o be 
r e l a t e d to that proved where there i s v a r i a t i o n from i t . The d i v i s i o n 
of the Block i n t o these areas has already been mentioned. 
1 
The Great Shale and a s s o c i a t e d beds.- Normally the Great Limestone 
2 
i s immediately o v e r l a i n by a sha l e sequence which ranges i n thickness 
from n i l to 70 f e e t but on average i s between. 10 and 20 f e e t t h i c k . The 
sh a l e i s t h i c k e s t i n the north-west part of the Block w h i l s t there 
appears to be a r e g i o n a l t h i n n i n g to the south. Expansion of t h i s b a s a l 
s h a l e sequence a r i s e s due to l o c a l and re g i o n a l f a i l u r e of the Low Coal 
S i l l and, on a re g i o n a l s c a l e ^ i n the northern and north-western p a r t s 
of the Block by replacement of the Great Limestone top by s h a l e . L o c a l 
t h i n n i n g i s caused by replacement of the lower part of the shale by the 
Great Limestone and a l s o by erosion a t the base of the washout channels 
which are developed a t a higher l e v e l i n the sequence. 
G e n e r a l l y , the lower few fe e t of shale are f o s s i l i f e r o u s but the 
fauna i s only o c c a s i o n a l l y r i c h ; sometimes f o s s i l s are a l s o present higher 
i n the s h a l e sequence. Ironstone nodules are found i n the f o s s i l i f e r o u s 
s h a l e a t a few l o c a l i t i e s but i f nodules are developed they are u s u a l l y 
more common i n the n o n - f o s s i l i f e r o u s shale above. 
Around Stajihope, a t s i x separate l o c a l i t i e s , the lower part of the 
s h a l e passes l a t e r a l l y i n t o s i l i c e o u s mudstone with harder chert bands 
which has a maximiun t h i c k n e s s of around 8 f e e t . These small areas of 
cherty beds are quite i s o l a t e d s i n c e the nearest Main Chert a t the 
equivalent horizon i s fo;ind on the north side of the Cotherstone S y n c l i n e , 
some twelve m i l e s to the south-west. 
1: The term used by T r o t t e r and Hollingworth (1932) to describe 
the s h a l e sequence which immediately o v e r l i e s the Great Limestone, 
2: Shale i s here used to include normal shale and semdy s h a l e . 
The l a t t e r i n grading up to the o v e r l y i n g sandstone may become f i n e l y 
banded ajid c o n s i s t of i n t e r l a m i n a t i o n s of sandy s h a l e , s h a l y sandstone 
and sometimes f i n e grained sandstone; i t i s then known as grey beds, a 
t r a d i t i o n a l term of the Northern Pennine O r e f i e l d used to describe t h i s 
l i t h o l o g y , 
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Immediately above the cherty beds at some l o c a l i t i e s , and w i t h i n 
the lower part of the shale a t other s p o r a d i c a l l y d i s t r i b u t e d l o c a l i t i e s , 
• a seam of b r i g h t , b r i t t l e c o a l i s found. Wherever i t i s a c c e s s i b l e i t i s 
always u n d e r l a i n by s t r a t a containing Stigmari'a i n s i t u and plant r o o t l e t s . 
The seam, which i s c e r t a i n l y l e n t i c u l a r , v a r i e s i n thickness from a few 
i n c h e s to a maximum of 3 f e e t . 
The upper part of the shale sequence gradually becomes sandy and 
often contains grey beds and t h i n sandstone bands. Comminuted plant debris 
i s s c a t t e r e d throughout the upper part of the sequence and i n t e r f e r i n g 
ripple-marks which cause c u r l y bedding are common. 
The Low Coal S i l l and c o a l . - Usually, there i s an imperceptible 
gradation i n t o the Low Coal S i l l sandstone which i s generally immediately 
o v e r l a i n by the Low Coal S i l l c o a l . The sandstone i s a reasonably p e r s i s -
t e n t horizon i n the type sirea but i t i s l e n t i c u l a r to some extent. 
Normally, i t i s no t h i c k e r than 10 f e e t i n the type area but there i s a 
r e g i o n a l v a r i a t i o n i n t h i c k n e s s from n i l to 28 f e e t . South of Weardale 
the sandstone d i e s out almost completely and i s only r a r e l y and poorly 
represented. I n the north-west paurt of the Block the r e p r e s e n t a t i v e 
t h i c k e n s and s p l i t s so t h a t a lower component of sandstone, with a t h i n 
l e n t i c u l a r marine band (the Snope Burn Band) capping i t , i s o v e r l a i n by 
10 to 28 f e e t of shale or sandy shale and then the Low Coal S i l l c o a l . 
The sandstone here has a maximum th i c k n e s s of 35 f e e t but i t i s l e n t i c u l a i r 
and i s completely missing i n some s e c t i o n s . Where best developed the Snope 
Burn Band has a meiximum t h i c k n e s s of 4 f e e t 3 inches but i t i s a l s o l e n t -
i c u l a r ; L i t h o l o g i c a l l y i t i s u s u a l l y a s p a r i n g l y c r i n o i d a l dark sandy 
limestone which i n p l a c e s i s represented by ferruginous or ochreous c l a y . 
I n the two main feeder streams of Burnhope Rese r v o i r and i n a bore-
hole on Great Dun F e l l there are a l s o i n d i c a t i o n s that marine conditions 
p r e v a i l e d during the formation of part of the sandstone. I n each of the 
feeder streams a la r g e f o s s i l i f e r o u s calcareous sandstone concretion 
occurs w i t h i n n o n - f o s s i l i f e r o u s non-calcareous sandstone, w h i l s t i n the 
borehole the top 1 foot of the sandstone contains s h e l l s . 
Everywhere the Low Coal S i l l i s a sheet sandstone which has a 
g r a d a t i o n a l base, although there are sometimes i n d i c a t i o n s of s l i g h t 
l o c a l scour a t i t s base. I t thickens to some extent by r e p l a c i n g the 
underlying sandy shale but the marked l o c a l thickenings of i t must be 
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a s c r i b e d to an o r i g i n a l i n c r e a s e i n sedimentation f a c i l i t a t e d by greater 
l o c a l subsidence. I n addit i o n , however, there does appear to be a reg-
i o n a l i n c r e a s e i n th i c k n e s s of the sandstone to the west and north-west 
towards what was probably the source area of the sediment. 
In a number of cases the samdstone i s completely massive, but l a t e r -
a l l y t h i s l i t h o l o g y may pass i n t o one comprised of a l t e r n a t i n g harder 
massive bands and s o f t e r sandstone or shaly sandstone l a y e r s ; sometimes 
sandstone i s completely replaced by grey beds or s h a l y sandstone. At 
i t s base the sandstone i s very f i n e to f i n e grained but i t grades upwards 
to become f i n e to medium or medium grained . "Annelid t r a c k s " , s h a l e 
fragments and r i p p l e marks are common fea t u r e s i n the lower part, w h i l s t 
cross-bedding i s fr e q u e n t l y present, p a r t i c u l a r l y i n the upper part of 
the sandstone. 
The top of the s i l l eilmost i n v a r i a b l y contains Stigmaria and plant 
r o o t l e t s i n s i t u , these being the root remains of the plants from which 
the o v e r l y i n g Low Coal S i l l c o a l was formed. The c o a l seam a t t a i n s i t s 
maximum t h i c k n e s s i n the north-west part of the Block where i t reaches 
1 foot 6 i n c h e s t h i c k , but even i n t h i s part of the region i t i s not a 
completely r e l i a b l e horizon. To the eas t , south-east and south there i s 
a r e g i o n a l t h i n n i n g of the seam and i t i s r a r e l y over 6 inches t h i c k ; 
often i t i s absent or only represented by carbonaceous s h a l e . I n Tees-
dale, c o a l i s only found at one l o c a l i t y a t t h i s horizon. 
S t r a t a between the Low Coal S i l l c o a l and the High Coal S i l l . - This 
sequence i s e s s e n t i a l l y composed of shale which has a maximum thickness 
of 19 f e e t but i s u s u a l l y l e s s than 10 f e e t t h i c k . Where both the Low 
C06LL S i l l and i t s accompanying c o a l are absent, obviously i t i s imposs-
i b l e to d i f f e r e n t i a t e the sequence. No reg i o n a l trend i n the thickness 
v a r i a t i o n of the success i o n i s apparent. 
At some l o c a l i t i e s the shale i s sandy throughout, but often the 
lower part i s non-sandy. Marine f o s s i l s u s u a l l y occur i n the 1 foot of 
shale a t the base of the sequence but they are r a r e l y abundant and often 
appear to be completely absent. However, there are occasional exceptions 
to the above r u l e and i n one case the f u l l 13 f e e t of shale i s f o s s i l i f -
erous. Also, a t one i s o l a t e d l o c a l i t y , a f o s s i l i f e r o u s calcareous sand-
1: G r a i n - s i z e nomenclature r e f e r s to the Wentworth s c a l e ( 1922 ) . 
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stone occurs i n the middle of the shale sequence. Occasionally, i r o n -
stone nodules and l e n s e s are present i n the lower part of the shale but 
they are never abundemt. 
The sandy nature of the shale i n c r e a s e s upwards and normally i t 
grades i n t o the High Coal S i l l . Sedimentary s t r u c t u r e s s i m i l a r to those 
i n the sandy shale below the Low Coal S i l l are developed. 
The High Coal S i l l and c o a l . - The s i l l i s represented by a sheet 
sandstone phase, which has an extensive spread, and by a washout-
channel sandstone phase which i s much l e s s e xtensive. The sheet sand-
stone i s more p e r s i s t e n t and more extensive than the Low Coal S i l l s i n c e 
i t can be recognized over most of the Block, only being absent o c c a s i o n a l l y . 
I t shows a considerable v a r i a t i o n i n thickness from n i l to approximately 
60 f e e t , but on average i t i s between 10 and 15 f e e t t h i c k and, therefore, 
t h i c k e r than the Low Coeil S i l l . No d e f i n i t e r e g i o n a l trend i s apparent 
i n the t h i c k n e s s v a r i a t i o n of the sheet sandstone, however. Where i t i s 
e x c e s s i v e l y t h i c k and no down-cutting i s d i s c e r n i b l e at i t s base, the 
sandstone must have a t t a i n e d i t s thickness due to excessive l o c a l i a e d 
sedimentation accompanying greater subsidence. The thickenings would 
appear to be confined to elongate s t r i p s which could at f i r s t s i g h t be 
taken as i n f i l l e d washout channels; however, t h e i r general f i e l d - r e l a t i o n -
s h i p s , e s p e c i a l l y t h e i r g r a d a t i o n a l bases, show that they are not. On the 
west side of Hudeshope i n Teesdale, i n an approximate north-north-east to 
south-south-west trending s t r i p , i t i s impossible i n some s e c t i o n s to 
d i f f e r e n t i a t e the High Coal S i l l from the o v e r l y i n g (and ?underlying) 
sandstones s i n c e there appears to have been continuous deposition of ssind-
stone along a confined "channel" from at l e a s t High Coal S i l l times on-
wards. S i m i l a r conditions can be traced to continue northwards i n t o the 
Bollihope V a l l e y where there i s a change to an east-north-east to west-
south-west trend i n the "channel's" d i r e c t i o n ( P l a t e I I I ) . 
The sheet sandstone phase of the High Coal S i l l i s s i m i l a r i n most 
r e s p e c t s to the Low Coal S i l l as f a r as i t s l i t h o l o g y and sedimentary 
s t r u c t u r e s are concerned. I t d i f f e r s i n that i t tends to be more massive 
1: "Channel" i s here used to designate a confined narrow and elongate 
s t r i p c o n t a i n i n g a t h i c k sandstone development but does not imply that the 
sandstone has any down-cutting at i t s base, 
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but there are s o f t sandstone and shaly sandstone bands interbedded i n i t 
a t some p l a c e s . Also, i t i s almost i n v a r i a b l y medium grained above the 
base, and l o c a l l y i t i s d i s t i n c t l y coarse grained i n p a r t . The sandstone 
conteiins no f o s s i l s but a calcareous nature has been recognized at two 
i s o l a t e d l o c a l i t i e s . 
Minor washouts are present c u t t i n g i n t o the top of the sheet sand-
stone. They are r e l a t e d to the same phase of erosive a c t i v i t y as the wajsh-
out-cliannels which took place subsequent to the formation of the sheet 
sandstone but p r i o r to the c o l o n i z a t i o n of i t s top by the plants from which 
the o v e r l y i n g c o a l was formed. 
A s i n g l e major channel can be traced, running south-westv/ard across 
the Block from the v i c i n i t y of Hunstanworth by way of S t . John's Chapel 
to B a r r a s , where i t i s l o s t s i n c e i t trends in t o the area where rocks of 
t h i s age have been removed by erosion ( P l a t e I I I ) ; however, i t may connect 
up with a channel proved f a r t h e r south on Baugh F e l l (see l a t e r ) . Three 
s u b s i d i a r y channels branch off from t h i s parent channel, a l l on the east 
s i d e of the l a t t e r and apparently at or near the apex of bends i n i t s 
course. However, t h e i r courses cannot u s u a l l y be traced for any great 
distance away from the parent channel which probably i n d i c a t e s that they 
r a p i d l y died out. A fourth s u b s i d i a r y channel probably branched o f f the 
east s i d e of the major channel i n the v i c i n i t y of Langdon Beck; r e l a t i v e l y 
r e c e n t e rosion has removed most of the evidence f o r i t s presence, but i t 
i s preserved f a r t h e r south i n H a r g i l l Beck on the north side of the Cother-
stone S y n c l i n e (see l a t e r ) . A l l the channels cut i n t o the underlying 
sediments to w i t h i n a few f e e t of the Great Limestone top, but from north 
of S t . John's Chapel southwards the major channel has penetrated the 
Great Limestone eilong the whole of i t s course reducing the limestone to 
a t h i c k n e s s of a t l e a s t 27 f e e t north of Langdon Beck, 
The major channel, which i s g e n e r a l l y about one mile wide, has a 
s l i g h t l y i r r e g u l a r base and contains a maximiun recorded thickness of 
c h a n n e l - f i l l m a t e r i a l of 82 f e e t . At the base t h i s m a t e r i a l i s composed 
of very coarse grained cross-bedded massive sandstone v;hich o c c a s i o n a l l y 
contains s m a l l quartz pebbles and l e n s e s of g r i t . Upwards, the channel-
f i l l m a t e r i a l becomes f i n e r grained and i n places at the very top i s 
d i s t i n c t l y s h a l y . At two separate l o c a l i t i e s marine f o s s i l s have been 
discovered w i t h i n the upper part of the c h a n n e l - f i l l deposit; t h i s i s 
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p o s s i b l y i n d i c a t i v e of short l o c a l marine i n c u r s i o n s i n t o the channel 
but, on the other hand, the f o s s i l s could be derived. 
The s u b s i d i a r y channels are generally s l i g h t l y l e s s than h a l f a 
mile wide; they a l s o have a s l i g h t l y i r r e g u l a r base which normally l i e s 
about 5 f e e t above the Great Limestone top and the maximum thickness of 
c h a n n e l - f i l l deposit i n them i s kO f e e t . The lower part of the chemnel-
f i l l m a t e r i a l c o n s i s t s of coarse grained massive sandstone but t h i s r a p i d -
l y grades up i n t o medium grained sandstone which passes i n t o shaly m a t e r i a l 
a t the top of the channel. At the edges of the channel prominent wedge-
bedding i s found with a s t r i k e p a r a l l e l to and apparently c o n t r o l l e d by 
the s i d e s of the channel. Small s c a l e cross-bedding i s a l s o frequently 
apparent i n the lower part of the c h a n n e l - f i l l sandstone. 
Subsequent to the complete i n f i l l i n g of the channels, most of the area 
of the Block was colonized by vegetation, the roots of which are preserved 
i n the upper part of the c h a n n e l - f i l l deposits as w e l l as the sheet sand-
stone. From the peat formed by the decayed vegetation the High Coal S i l l 
c o a l was formed. T h i s seam i s the most important and prominent one of the 
cyclothem and can be t r a c e d over the bulk of the Block, only being absent 
l o c a l l y . A t h i c k n e s s of 3 to 4 f e e t i s a t t a i n e d i n the extreme north-west 
part of the Block but 2 f e e t i s a more normal thickness for the region 
around A l s t o n . South and e a s t of t h i s area there i s a r e g i o n a l thinning 
of the seam which i n Weardale, the A l l e n d a l e s and on Alston Moor i s often 
up to 1 foot t h i c k and l o c a l l y may be t h i c k e r . A maximum thickness of 
6 i n c h e s has been recorded i n Teesdale and the seam appears to t h i n even 
more to the south-east; i t i s absent w i t h i n the confines of the Hudeshope 
"channel", probably due to the continuous deposition of sand i n h i b i t i n g 
p l a n t growth. A 2 f e e t t h i c k seam was proved at t h i s horizon i n the 
Harton Borehole and there thus appears the p o s s i b i l i t y of a b e l t of t h i c k 
c o a l s t r e t c h i n g from the A l s t o n region along the north f l a n k of the Block 
and bordering the Trough where even t h i c k e r c o a l s were formed. The coal 
i s normally b r i g h t and b r i t t l e and, s i m i l a r to the other coals i n the 
Group, i t has a semi-emthracitic character over much of the Block, 
S t r a t a between the High Coal S i l l c o a l and the White Hazle.- T h i s 
sequence i s more v a r i a b l e than that below the High Coal S i l l but shale i s 
the e s s e n t i a l component. A msiximum thickness of kO f e e t i s a t t a i n e d 
w h i l s t the average l i e s between 10 and 15 f e e t ; however, i n some cases 
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the t h i c k n e s s decreases to l e s s than 5 f e e t . At four l o c a l i t i e s i t i s 
d i f f i c u l t to determine the th i c k n e s s s i n c e the High Coal S i l l c o a l i s 
immediately o v e r l a i n by sandstone which probably represents t h i s compo-
nent of the cyclothem i n p a r t . Regionally the sequence i s t h i c k e s t i n 
Teesdale and t h i n n e s t i n the north-west part of the Block. 
The shaile which normally comprises the bulk of t h i s sequence i n the 
type a r e a i s sometimes completely sandy, but often the lower part i s not 
so emd i t may be markedly f o s s i l i f e r o u s . Sometimes i t i s f o s s i l i f e r o u s 
up to a prominent but l e n t i c u l a r marine band which i s developed i n the 
sequence between n i l and 10 f e e t above the High Coal S i l l c o a l . Above 
the marine band up to 3 f e e t of shale has a l s o been found to be f o s s i l -
i f e r o u s . 
The marine band, which i s l e n t i c u l a r , i s seen to vary i n thickness 
between 2 inches and 1 foot 9 inches. I t i s t o t a l l y absent from a number 
of s e c t i o n s but, nevertheless, i t has a widespread d i s t r i b u t i o n on the 
Block, e s p e c i a l l y i n the type a r e a . I t s l i t h o l o g y i s somewhat v a r i a b l e 
as i s the f o s s i l content which may be e i t h e r sparse or r i c h . Normally i t 
i s a f o s s i l i f e r o u s i r r e g u l a r l y - b e d d e d calcgireous sandstone, but i t may be 
non-calcareous or s i l i c e o u s and o c c a s i o n a l l y i t i s a sandy limestone; 
comminuted plant debris i s often present inter-mixed with the marine 
f o s s i l s . 
I n the type area, the marine band passes l a t e r a l l y i n t o a markedly 
l e n t i c u l a r , f i n e to medium grained sandstone v/hich i s seen to vary between 
2 and 25 f e e t t h i c k and has an average thickness of 6 f e e t . Sometimes the 
sandstone i s f o s s i l i f e r o u s but i n other cases i t i s barren. At two l o c a l -
i t i e s where i t r e s t s d i r e c t l y on the High Coal S i l l c oal i t i s markedly 
cross-bedded. Apparently, i t sometimes coalesces with the overlying 
White Hazle sandstone to form a s i n g l e t h i c k u n i t , the shale which normally 
s e p a r a t e s the two disappearing. At four l o c a l i t i e s there i s continuous 
sandstone between the High Coal S i l l c o a l and the L i t t l e Limestone; 
probably t h i s i s due to the White Hazle and the above sandstone having 
coalesced where the l a t t e r immediately o v e r l i e s the High Coal S i l l c o a l . 
I n Teesdale, the sandstone becomes a prominent and p e r s i s t e n t horizon 
which l i e s between n i l and 20 f e e t above the High CoaQ. S i l l seam. I t 
v a r i e s between 1 and 2k f e e t i n th i c k n e s s , but on average i s approximately 
12 f e e t t h i c k . Within the s t r i p on the west side of Hudeshope i t 
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apparently forms part of the t h i c k "channel" semdstone and cannot be 
d e l i m i t e d . Normally i t i s a f i n e t o medium grained ssuidstone, but often 
i n the upper part there i s an admixture of coarse grained milky quartz. 
Almost i n v a r i a b l y the sandstone i s f o s s i l i f e r o u s , the r i c h e s t fauna being 
concentrated i n the upper 2 to 3 f e e t ; occasionally i t i s wholly f o s s i l i f -
erous, but i t i s also known to be completely beirren i n some places. Some 
of the f o s s i l s appear to be derived or at l e a s t winnowed since they eure 
broken up, but there are also whole s h e l l s present. Comminuted plant 
debris i s scattered amongst the f o s s i l s i n some cases sind at two adjacent 
l o c a l i t i e s the sandstone contains plant r o o t l e t s i n s i t u near the base. 
S t e l l a t e saucer-shaped impressions which are possibly r e l a t e d to some 
form of p l a n t have been recorded from t h i s sandstone, but only at one 
l o c a l i t y . 
The shale above the marine band and the l a t e r a l l y - e q u i v a l e n t sand-
stone contedns ironstone nodules which are very prominent occasionally. 
Normally t h i s shale becomes sandy upwards and grades i n t o the White Hazle. 
The White Hazle.- This sandstone i s c l e a r l y d i v i s i b l e i n t o two 
components over much of the Block, the upper of which i s the basal member 
of the o v e r l y i n g cyclothem. Data regarding t h i s upper component are dealt 
w i t h i n the d e t a i l e d stratigraphicaJ. section but they w i l l not be mentioned 
here since they are not r e a l l y p e r t i n e n t to t h i s work. 
The lower component i s t h i c k e s t w i t h i n the confines of the "channel" 
shown on Plate I I I . I n the centre of the "channel" i t i s combined w i t h 
the sandstones below i t , as mentioned previously, to form one t h i c k u n i t ; 
consequently, i t cannot be d e l i m i t e d but i t i s probably thinner than 
where i t i s a separate u n i t . The margins of the so-called "channel" have 
been f i x e d q u i t e a r b i t r a r i l y t o enclose an area i n which t h i s semdstone 
exceeds 35 f e e t t h i c k . The maximum thickness recorded was 62 f e e t but 
there i s a p o s s i b i l i t y t h a t t h i s thickness has been atteiined by cosd.es-
cence w i t h the sandstone which i s the l a t e r a l representative of the marine 
band mentioned e a r l i e r . Outside the confines of the "channel" there i s a 
gradual decrease i n thickness of the sandstone which varies from n i l to 
35 f e e t t h i c k , except f o r two l o c a l i t i e s where 35 f e e t may be exceeded. 
Thicknesses i n excess of 20 f e e t are generally found close to the 
"channel"; over the r e s t of the area the sandstone usually has a t h i c k -
ness of between 5 and 15 f e e t . Local and rap i d thickness v a r i a t i o n s 
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take place and where the sandstone i s not developed as such i t i s repres-
ented by sandy shale or shaly sandstone. 
The sandstone i s u s u a l l y massive and normally i t grades up from the 
underlying sandy shale at whose expense i t develops to a greater or less 
extent. Generally, i t i s f i n e grained at the base becoming medium grained 
upwards; however, at some l o c a l i t i e s where i t i s at i t s t h i c k e s t i t contains 
coarse grained lenses; abnormally i t i s completely coarse grained. I n 
some cases the sandstone passes l a t e r a l l y i n t o shaly sandstone or sandy 
shale. 
At two widely separated l o c a l i t i e s coal w i t h a maximum thickness of 
1 f o o t 6 inches i s present w i t h i n the lower part of the sandstone. Although 
coal has not been found elsewhere at t h i s horizon, plant r o o t l e t s i n s i t u 
do occur a t some l o c a l i t i e s . They are o f t e n present i n the middle of the 
t h i c k "channel" sandstone where they are o v e r l a i n by up to 12 f e e t of 
f o s s i l i f e r o u s sandstone. Outside the confines of the "channel" t h i s lower 
component of the White Hazle has only proved to be f o s s i l i f e r o u s at one 
l o c a l i t y . 
Sedimentary s t r u c t u r e s s i m i l a r to those i n the Low and High Coal S i l l s 
are present i n the sandstone; i n p a r t i c u l a r , cross-bedding i s sometimes 
very obvious. 
The upper part of the sandstone almost i n v a r i a b l y contains abundant 
pla n t r o o t l e t s and Stigmaria i n s i t u , as does the shaly l a t e r a l represen-
t a t i v e of the sandstone. The coal seam ov e r l y i n g the sandstone and form-
i n g the upper member of the cyclothem i s not a p e r s i s t e n t horizon. I t 
v a r i e s i n thickness from n i l to 2 f e e t 2 inches, but more normally i t i s 
l e s s than 3 inches t h i c k . Apparently i t had a more widespread d i s t r i b u t i o n 
o r i g i n a l l y since fragments of coal are frequently found i n the o v e r l y i n g 
f o s s i l i f e r o u s sandstone where the seam i s now absent. Regionally the 
seam i s most r e l i a b l e i n the north-west part of the Block w h i l s t i t i s 
l e a s t p e r s i s t e n t to the south i n Teesdale. 
Det a i l e d Stratigraphy 
The Great Shale and associated beds.- Normally the Great Limestone 
i s succeeded by shale which, where d e l i m i t e d by the Low Coal S i l l , has a 
v a r i a b l e thickness ranging from 1 f o o t i n Stony H i l l Shaft, Boltsburn 
West Mine ( P I . IV, 1 3 ) , to 36 f e e t i n P l a n t a t i o n Rise, Esp's Vein 
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( P I . IV, 5 8 ) . At Coalcleugh ( P I . IV, 5 7 ) , where the Low Coal S i l l i s 
absent, a thickness of ^6 f e e t i s a t t a i n e d . However,, i n Teesdale, even 
though t h i s ssmdstone i s not usually developed, the shale may be as t h i n 
as 3 f e e t t h i c k and does not exceed a maximum thickness of 15 f e e t 
( P I . IV, 3 5 ) . The meocimum thickness of shale above the limestone occurs 
i n the north-west p a r t of the Block where i n Lunchy Beck ( P I . IV, 7 6 ) , 
C r o g l i n Water, approximately 2 miles east-north-east of Croglin, 70 f e e t 
of shale containing the Snope Burn Band (see l a t e r ) i s found between the 
limestone top and the Low Coal S i l l coal; however, where the representative 
of the Low Coal S i l l i s present i n t h i s area the thickness of shsile i s much 
reduced but i t i s s t i l l q u i t e t h i c k even so. 
Loceilly shale may be completely absent or at l e a s t much reduced i n 
thickness due to the washout channels which cut down from a higher l e v e l 
i n the sequence i n t o the underlying s t r a t a ( P l . IV, 16 and ^ 1 ) . Replace-
ment by limestone of the shale which immediately o v e r l i e s the normal lime-
stone top also causes a t h i n n i n g . This e f f e c t i s only of l o c a l s i g n i f i c a n c e 
and the maximum thickness of shale so aff e c t e d i s found i n Ashes Quarry, 
Stanhope, where 7 f e e t i s replaced by limestone, which w i t h i n 200 yards 
along the quarry face v i r t u e i l l y dies out. On the other hand, there i s a 
reg i o n a l t h i c k e n i n g of the shsile by replacement of the Great Limestone top 
i n the northern and north-western parts of the Block, 
I n the type area the shale normally has a thickness of between 10 and 
20 f e e t emd i s u s u a l l y d e l i m i t e d by the Low Coal S i l l , However, i t i s 
extremely d i f f i c u l t t o generalize about the thickness because i t does vary 
between the l i m i t s already s t a t e d above. Northward and north-westward from 
the type area there i s an o v e r a l l r e g i o n a l thickening of the shale w h i l s t 
there i s a t h i n n i n g towards the south. 
Immediately above the limestone marine f o s s i l s are frequently present 
i n c l u d i n g brachiopods, launellibranchs, c r i n o i d o s s i c l e s , bryozoans, t r i l -
o b i tes and gastropods. Generally the fauna i s not very r i c h but immed-
i a t e l y above the limestone there may be some concentration of the f o s s i l s 
l o c a l l y . Normally the lower 2 to 3 f e e t of shale i s f o s s i l i f e r o u s but 
occasionally the fauna extends higher and up to 8 f e e t of f o s s i l i f e r o u s 
shale has been recorded, A scattered fauna has also been found even 
higher i n the shale but i t appears to be dissociated from that at the 
base and i s only of very loceuL extent; the shale i n which i t i s conteiined 
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may be sandy. 
Ironstone nodules are not common but they have been found w i t h i n the 
f o s s i l i f e r o u s shale and where they do occur they are r e l a t i v e l y numerous; 
lenses of ironstone m a t e r i a l are usually associated and the nodules are 
f r e q u e n t l y i n bands. I n C l a r g h y l l Burn ( P I . IV, 7 1 ) , one mile due east 
of Ayle, nodules of up to 9 inches disuneter are present; they are some-
times bell-shaped and are f r e q u e n t l y septarian, containing a concentric 
and r a d i a t i n g network of c a l c i t e v e i n l e t s ; nodules w i t h aggregated and 
disseminated p y r i t e also e x i s t . The nodules p e r s i s t higher up the shale 
than the f o s s i l s ; f o r example, the shale contains nodules from 3 f e e t to 
1 ^ f e e t above the Great Limestone top i n C l a r g h y l l Burn. At Redmires 
Quarry, one mile south-west of Stsmhope, the f o s s i l s have been completely 
p y r i t i ^ d i n meiny cases and f r e q u e n t l y form the n u c l e i of p y r i t e nodules 
which are scattered throughout the lower part of the shale; where i t i s 
possible t o e x t r a c t the f o s s i l s they are b e a u t i f u l l y preserved. 
At s i x l o c E i l i t i e s around Stanhope (Plate I I I ) the lower part of the 
shale passes l a t e r a l l y i n t o s i l i c e o u s mudstone which contains harder chert 
bands. M a t e r i a l c o l l e c t e d from these beds compares favourably w i t h some 
of t h a t i n the type chert c o l l e c t i o n of Dr. A. J. Wells (1955a and 1955b) 
which i s housed i n the Department of Geology at Durham. X-ray powder 
photography of the cherty m a t e r i a l reveals a basic s i l i c a p a t t ern despite 
the amorphous nature of most of the s i l i c a i n chert. The cherty beds are 
separated from the limestone by a f o o t or so of shale and a t t a i n a maximxim 
thickness of over 8 f e e t . They are sometimes very f o s s i l i f erous w i t h a 
r i c h brachiopod-lamellibranch fauna, but at other l o c a l i t i e s they are 
v i r t u a l l y barren. The s i l i c e o u s mudstone passes l a t e r a l l y i n t o normal 
shale and the i n d i v i d u a l developments of i t appear to be quite i s o l a t e d . 
The nearest Main Chert to t h i s area i s foxind on the north side of the 
Cotherstone Syncline i n H a r g i l l Beck where the author has discovered up 
to k f e e t of f l i n t y chert immediately o v e r l y i n g the Great Limestone. 
I n the l o c a l i t i e s n o r t h of Stanhope Stigmaria and plant r o o t l e t s i n 
s i t u occur i n the upper par t of the cherty beds which are o v e r l a i n by a 
seam of b r i g h t , b r i t t l e coal up t o 7 inches t h i c k ( P I . IV, 1 5 ) . This 
coal i s not r e s t r i c t e d to the regions where chert was l a i d down and has 
been found i n widely separated areas. Up t o 6 f e e t of s t r a t a intervene 
between the coal and the limestone top but i n the Pike Law Hushes ( P I . IV, 
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37)» Teesdale, the two are separated by a minimum of 2 inches of yellow 
l i m o h i t i c clay which contedns i n d i s t i n c t plant r o o t l e t s . Though the 
coal i s found a v a r i a b l e distance above the limestone top i t i s considered 
to occupy a s i m i l a r horizon everywhere, i t s v a r i a b l e p o s i t i o n being 
ascribed t o d i f f e r i n g accumulations of sediment above the Great Limestone 
top before i t was formed, although s l i g h t diachronism of the Great Lime-
stone top could be another explanation. Normally shale or cherty materiaO. 
forms the f l o o r of the seam but i n the extreme north-eastern workings of 
Boltsburn Mine ( P l , IV, l 4 ) , one mil e south-east of Bolt's Law, 2 f e e t of 
sandstone was recorded between the Great Limestone top and a 1 f o o t 6 
i n c h t h i c k coal seam; however, i t may be t h a t the supposed sandstone i s 
s i l i c e o u s mudstone. To the n o r t h , i n the Hunstanworth Mines north-east 
of Ramshaw, the maximum thickness of coal at t h i s horizon was recorded 
i n J e f f r i e s Engine Shaft ( P l , IV, 9 ) where a 3 f e e t seam was found 
immediately above the limestone. The irapersistence of the seam i s i l l u s -
t r a t e d by the f a c t t h a t i t was not found f a r t h e r west i n the same mining 
area. I n Teesdale the coal can be traced f o r 3 miles along the outcrop 
from Pike Law westward to High Hurth Edge; i t va r i e s from 6 to 10 inches 
t h i c k and has been extensively wrought by means of b e l l p i t s and short 
a d i t s along the whole l e n g t h of outcrop. Although the above i s not an 
exhaustive account of the d i s t r i b u t i o n of coal at t h i s horizon there are 
only a few other places where i t has been located. The part of the 
sequence i n which i t i s found i s u s u a l l y obscured but excavations at 
numerous l o c a l i t i e s have proved the absence of coal, and where exposure 
i s good i t i s o f t e n not present. The seam has been noted to t h i n from 
7 inches to a quarter of an i n c h vdLthin a mile i n the quarries north of 
Stanhope, w h i l s t i n some of the quarries there i s no sign of i t at a l l . 
Thus, i t i s not a p e r s i s t e n t horizon. 
The s t r a t a below the seam may be f o s s i l i f e r o u s but no fauna has been 
discovered above i t on the Alston Block; sometimes, small ironstone or 
p y r i t e nodules are present i n the shale immediately above. Normally, 
however, the shale becomes sandy only a short distance above the coal 
and grades up i n t o the Low Coal S i l l . I n West Pasture Mine Quarry, 
approximately one mile n o r t h of Stanhope, where the seam i s at i t s max-
imum distance above the limestone top, i t i s immediately o v e r l a i n by the 
Low Coal S i l l . 
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Where no coal i s present at the above horizon the shale develops a 
sandy character upwards and also grades to the Low Coal S i l l , but the 
horizon a t which a sandy nature becomes apparent i s very v a r i a b l e . How-
ever, where i t i s f o s s i l i f e r o u s the shale i s not sandy, but only a short 
distance above, where f o s s i l s die out i t usually becomes so. I t thus 
seems tha t the incoming of sand caused the disappearance of the fauna 
since i n Snodberry Cleugh ( P l . IV, 4 5 ) , one mile north-east of Cowhorse 
H i l l , no f o s s i l s are present where sandy shale xms formed only 2 f e e t 
above the limestone top, whereas f o s s i l s are present higher than t h i s 
above the limestone top where no sandy character i s apparent. 
The shale sequence becomes more arenaceous upwards w h i l s t i n the 
upper p a r t grey beds are u s u a l l y apparent and sometimes t h i n sandstone 
bands are inter-bedded. Plant debris i n a comminuted state i s scattered 
throughout the upper par t of t h i s sequence and i n t e r f e r i n g ripple-marks, 
i n d i c a t i v e of r e l a t i v e l y shallow water deposition, are a common featu r e . 
The Low Coal S i l l and cosa.- There i s normally an imperceptible 
gradation i n t o the Low Coal S i l l sandstone, the base of which i s q u i t e 
a r b i t r a r i l y defined i n the f i e l d , as are the lower l i m i t s of the other 
sheet sandstones i n the Coal S i l l s Group. The base has been tsiken a t 
the p o s i t i o n where sand grade m a t e r i a l i s obviously dominant; t h i s o f ten 
coincides w i t h the p o s i t i o n where the rock i s becoming l i t h i f i e d , but not 
always since the lower p a r t of the sandstone may be q u i t e s o f t . 
I n the type area the sandstone a t t a i n s i t s maximum thickness i n 
Seilly Grain ( P l . IV, 4 9 ) , two miles west of Burnhope Reservoir, where i t 
reaches at l e a s t 28 f e e t t h i c k . As already mentioned, the sandstone was 
not deposited everywhere but i t i s reasonably p e r s i s t e n t i n the type area. 
Where i t i s not present i t s horizon may be marked by an increase i n sandi-
ness of the shale, as, f o r example, i n Swinhope Borehole Number 4 (Dunham 
and Johnson, 1962 and P l . IV, 4 6 ) . The coal which normally o v e r l i e s i t 
may also mark i t s horizon, as i n C l a r g h y l l Burn (EL. IV, 71) where the 
s i l l i s represented by grey beds and shaly sandstone. I n a d d i t i o n , i t 
i s cut out completely along the courses of the washout cheuinels which are 
associated w i t h the High Coal S i l l . As a sandstone i t thus varies from 
n i l to 28 f e e t i n thickness i n the type area but normally i s no t h i c k e r 
than 10 f e e t and i s o f t e n l e s s than 5 f e e t t h i c k ; on Cross F e l l ; and 
Great Dun F e l l ( P l . IV, 7 0 ) , however, i t i s usually over 15 f e e t t h i c k 
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w i t h a maximum of 26 f e e t i n the East Cross F e l l Mines ( P l . IV, 6 ^ ) . 
Apparently semd grade m a t e r i a l d i d not reach much f a r t h e r south than 
the Tees-Wear watershed during t h i s period because the s i l l i s only poorly 
and l o c a l l y represented i n Teesdale; f o r example, i n Harthope Beck ( P l . 
IV, 39) i t i s l i t t l e over 1 f o o t t h i c k . Part of the predominantly sand-
stone sequence found on the west side of Hudeshope ( P l . IV, 2 6 - 3 1 ) , north 
of Middleton-in-Teesdale, may represent the Low Coal S i l l but t h i s i s not 
c e r t s i i n . Between Weardale and Teesdale at the head of Westernhope, three 
miles south-west of Eastgate, i t i s c e r t a i n l y absent i n one section ( P l . 
IV, 33) and appears to be wanting i n four of the other f i v e sections 
exposed. 
I n the north-west p a r t of the Block a f u r t h e r complication sets i n 
since the sandstone expands i n thickness and also i t s p l i t s . The sections 
i n Coal Sike, Ayle ( P l . IV, 7 2 ) , a small stream south of Blackcleugh Burn, 
a quarter of a mile north-east of Barhaugh ( P l . IV, 7 3 ) , Snope Burn ( P l . 
IV, 7 ^ ) , L i t t l e Bleaberry G i l l , New Water, txio miles east of Cumrew ( P l . 
IV, 7 7 ) , and Lunchy Beck, Croglin Water ( P l . IV, 7 6 ) , i l l u s t r a t e t h i s 
change. I n Coal Sike the 11 f e e t t h i c k u n f o s s i l i f e r o u s Low Coal S i l l i s 
d i r e c t l y overleiin by a t h i n coal which was proved by boring at the o l d 
Ayle C o l l i e r y close by (personal communication by Mr. S. Shepherd, manager 
of Ayle C o l l i e r y ) . Less than two miles to the north-west, i n the stream 
near Blackcleugh Burni a t h i c k massive sandstone which i s approximately 
35 f e e t t h i c k and contains f o s s i l s i n i t s upper par t i s o v e r l a i n by a t h i n 
daxk limestone of indeterminate thickness. This limestone i s almost 
c e r t a i n l y the representative of the Snope Burn Band, a marine band which 
l i e s some way below the 2 inches of coaJ. i n L i t t l e Bleaberry G i l l and 
Lunchy Beck, and the 1 f o o t seam i n Snope Burn, a l l of which are consid-
ered to represent the Low Cosil S i l l coail. I n the stream near Blackcleugh 
Burn t h i s coal i s not exposed but workings i n t o the High Coal S i l l coal, 
which normally l i e s only a short distance above the lov/er seam, occur 
some 30 f e e t above the t h i n limestone. Normally shale intervenes between 
the Low Coal S i l l coal and the Snope Burn Band, but sandy shale i s present 
above the marine band i n the Faugh Cleugh Borehole ( P l . IV, 75) where no 
Low Coal S i l l coal was proved to d e l i m i t the sequence. Thus, the Low Coal 
S i l l of the type area i s considerably expanded and divided i n t o two 
components by the Snope Burn Bsind. Below the marine band i s a sandstone 
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which a t t a i n s a maximum thickness of about 35 f e e t but i s completely 
absent i n C r o g l i n Water ( P l . IV, 76) and i t s t r i b u t a r i e s , as previously 
mentioned. I n Snope Burn ( P l . IV, 7 4 ) , the samdstone was noted to 
contain prominent wedge-bedding by T r o t t e r and Hollingworth ( 1 9 3 2 ) . 
The l e n t i c u l a r Snope Burn Band has a maximum thickness of 4 f e e t 3 
inches; normeilly i t i s a s p a r i n g l y c r i n o i d a l dark sandy limestone but, 
according to T r o t t e r and Hollingworth (op. c i t ) , i t may pass l a t e r s i l l y 
i n places i n t o a s o f t ferruginous or ochreous clay which may be sandy. 
Above the marine band up to the o v e r l y i n g Low Coal S i l l coal there i s 
a predominantly shaly (shale or sandy shale) sequence which varies i n 
thickness between 10 and 28 f e e t . 
The only i n d i c a t i o n of msirine conditions p r e v a i l i n g during the 
formation of p a r t of the s i l l elsewhere on the Block i s found i n the 
two main feeder-streams of Burnhope Reservoir and i n one of the numerous 
boreholes d r i l l e d i n the v i c i n i t y of Silverband Mine, Great Dun F e l l , 
I n S a l l y Grain, Burnhope ( P l . IV, 4 9 ) , an i s o l a t e d concretion of brown-
weathering, r i c h l y calcareous f o s s i l i f e r o u s sandstone (or sandy l i m e -
stone since i t contains up to 65 per cent carbonate) i s s i t u a t e d w i t h i n 
non-calcareous n o n - f o s s i l i f e r o u s massive sandstone. I t occurs 4 f e e t 
above the basal exposure of the 28 f e e t t h i c k sandstone and i s 9 feet 
long by 3 f e e t high approximately; i t s margins are v e r t i c s i l and sharp 
although i n places there i s a t h i n weathered s h e l l ; at the base, which 
occupies a s l i g h t l y transgressive horizon, i t may grade up r a p i d l y from 
the underlying sandstone; i t s top i s not w e l l exposed. There i s c e r t a i n l y 
no f a u l t i n g associated and i t may be t h a t i t i s the remnant of a more 
extensive bed or lens which has been almost completely destroyed by 
a u t h i g e n i s i s . A l l traces of f o s s i l s i n the surroxxnding sandstone have 
disappeared i f they were ever present and no carbonate matrix i s l e f t at 
a l l ; the carbonate has probably been removed by p e r c o l a t i n g ground waters 
although concentration of some of i t i n t o the calcareous patch cannot be 
over-looked. A s i m i l a r f o s s i l i f erous calceireous concretion occurs at 
approximately the same horizon i n S c r a i t h Burn ( P l . IV, 5 0 ) , one mile 
south of the above l o c a l i t y , but i t i s not as w e l l exposed. I n S i l v e r -
band Mine Borehole Number 3 ( P l . IV, 68) the top 1 foot of the sandstone 
was found to contain s h e l l s even though l a t e r a l l y i t i s o v e r l a i n by a 
t h i n coal seam. 
Channel sandstones w i t h an erosive base have not been recognised at 
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t h i s horizon so that the Low Coal S i l l i s everywhere a sheet sandstone. 
The base of the sheet sandstone appears to be s l i g h t l y erosive i n some 
exposures, however, but t h i s i s probably due to l o c a l scour p r i o r to 
deposition r a t h e r than down-channelling. I t normally grades up from the 
sandy shale below and i s very f i n e to f i n e grained at the base becoming 
f i n e to medium and medium grained at the top. Undoubtedly i t thickens 
to some extent by r e p l a c i n g the underlying sandy shale but t h i s would not 
account f o r the t h i c k e s t developments of the sandstone since they often 
occur where the shale below i s also t h i c k . This thickening must, there-
f o r e , be ascribed to an o r i g i n a l increase i n sedimentation which was 
probably f a c i l i t a t e d by greater l o c a l subsidence. I n a d d i t i o n , there also 
appears t o be a r e g i o n a l increase i n thickness of the sandstone to the 
west aind north-west towards what was probably the source area of the 
sediment. 
Where the s i l l i s q u i t e t h i n i t o f t e n consists of harder massive 
bands inter-bedded w i t h s o f t e r sandstone or shaly sandstone layers ( F i g . 
2 1 ) , the d i f f e r e n t l i t h o l o g i e s passing l a t e r a l l y i n t o each other; the 
complete passage i n t o grey beds or shaly sandstone has already been 
mentioned; ironstone nodules may occur w i t h i n the representative stratum 
where i t i s shaly, as i n C l a r g h y l l Burn ( P l . IV, 7 1 ) . However, the s i l l 
may also be completely composed of massive hard sandstone and t h i s i s 
p a r t i c u l a r l y so where i t i s t h i c k e s t . 
I n the lower p a r t so-called "annelid tracks" have been noted quite 
f r e q u e n t l y but they are usuailly best seen i n detached blocks rather than 
i n s i t u . Small angular and rounded fragments of shale are also occasion-
£illy present i n the lower -part of the sandstone. Ripple marking i s a 
common fe a t u r e throughout but i t i s best developed i n the lower p a r t ; 
u s u a l l y i t i s of the i n t e r f e r e n c e type which gives r i s e to a character-
i s t i c c u r l y bedding. I n most exposures the sandstone i s cross-bedded to 
some extent but the u n i t s are usually small (about 1 f o o t t h i c k ) and they 
have i n d i v i d u a l laminae which vary i n thickness between ^ inch and 2 
inches. Of r e s t r i c t e d occurrence are smeLll rounded nodules \irhich were 
found i n the upper par t of the s i l l i n Snodberry Cleugh. These are 
approximately 1 inch i n diameter and q u i t e d i s c r e t e l y enclosed i n sand-
stone which i s completely d i f f e r e n t from them. The matrix sandstone 
contains no carbonate at a l l whereas the nodules are composed of poorly 
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F i g , 2 0 , The complete t y p i c a l Great Cyclothem sequence of the Alston 
Block, Ashes West Quarry, Weardale. G,L. - Great Limestone 
w i t h Tumbler Beds; L.C.S. - Low Coal S i l l ; H.C.S. - High 
Coal S i l l ; W.H. - White Hazle; L.L. - L i t t l e Limestone, 
F i g . 2 1 . The Low Coal S i l l (L.C.S.) and High Coal S i l l (H.C.S.) above 
the Great Limestone (G.L.), Rogerley Quarry, Weardale. The 
general character of the s i l l s i s i l l u s t r a t e d , the High Coal 
S i l l being more massive than the Low Coal S i l l but both con-
t a i n bands of s o f t e r m a t e r i a l . 
sorted sand i n a matrix of s i d e r i t e . 
The top of the s i l l , which i s f r e q u e n t l y formed o f . s o f t shaly sand-
stone i n the upper few inches, almost i n v a r i a b l y contains the remains of 
vegetation i n the form of Stigmaria and plant r o o t l e t s i n s i t u . Rootlets 
are the most obvious but Stigmaria are seen sometimes i n f l a t exposed 
surfaces ( F i g . 2 2 ) ; a t h i n coal f i l m may be preserved along the walls of 
some Stigmaria. The plants which coloniaed the top of the sandstone and 
l e f t these traces presumably also formed the peat from which the over-
l y i n g coal o r i g i n a t e d . The coal i s a widespread horizon but there are 
places where i t was not fprmed or, at l e a s t , i s not preserved. Even i f 
i t i s absent plant remains s t i l l occur i n the upper part of the Low Coal 
S i l l although u s u a l l y they are not as abundant as when the coal i s present. 
The seam i s at i t s t h i c k e s t i n the north-west psirt of the Block where, 
i n a small stream near Tows Bank, three miles north of Slaggyford, 1 foot 
6 inches of coal i s found a t t h i s horizon. However, i t i s not c o n s i s t e n t l y 
t h i c k even i n t h i s sector since i n L i t t l e Bleaberry G i l l ( P l . IV, 77) only 
2 inches of coal were found and i n the Faugh Cleugh Borehole ( P l . IV, 75) 
the seam was not recognised a t a l l ( t h i s could be due to poor core recov-
ery, hovfever). Nevertheless, when considered regionedly, the sesun i s 
t h i c k e s t to the n o r t h , north-west and a l i t t l e to the north-east of 
A l s t o n , where on an average a 1 f o o t seam i s found. I t has been worked 
to a small extent i n the above region but i s not as important as the High 
Coal S i l l coal i n t h i s respect. South and east of Alston the coeil i s 
normally 6 inches t h i c k , or l e s s , but l o c a l l y a maximum thickness of 1 
f o o t 3 inches i s atteiined. This maximum thickness was proved on Great 
Dun F e l l , near Dun F e l l Hush, where a borehole close to the hush proved 
1 f o o t 3 inches of coal ( P l . IV, 67) whereas the exposed seam i s less than 
3 inches t h i c k ( P l . IV, 6 5 ) . At the head of Wellhope Burn ( P l . IV, ^ 7 ) , 
one m i l e south-east of Cowhorse H i l l , t h i n streaks of b r i g h t coal are 
d i s t r i b u t e d w i t h i n 1 f o o t of sandy shale immediately above the Low Coal 
S i l l . I n the region aroimd Stanhope the seam i s very much reduced and 
never more than 1 i n c h t h i c k ; i t may be represented by a mere smut or else 
a few inches of carbonaceous shale above the rooty sandstone. I n other 
p a r t s of the region coal i s l o c a l l y absent from t h i s horizon too. 
East of the exposed p a r t of the Block the seam was proved i n the 
Chopwell Woods and Roddymoor Boreholes ( P l . IV, 2 and 3 ) where i t i s 3 
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F i g . 2 2 . Stigmaria i n s i t u ( i n d i c a t e d by an S) w i t h r o o t l e t s 
( i n d i c a t e d by an R) associated i n the massive Low 
Coal S i l l , Wellhope Burn, Upper Weardale. 
inches and 4 inches t h i c k r e s p e c t i v e l y . At Harton ( P l . IV, 1 ) , however, 
1 f o o t of coal i s present above the Low Coal S i l l ; t h i s could i n d i c a t e 
e i t h e r a l o c a l t h i c k e n i n g of the seam or, perhaps, even a r e g i o n a l t h i c k -
ening. 
I n Teesdale coal i s found only at t h i s horizon i n Harthope Beck ( P l . 
IV, 3 9 ) . The formation at t h i s l o c a l i t y i s quite unique since t h i n layers 
of coal are interbanded w i t h l a y e r s of carbonaceous shale f o r a thickness 
of at l e a s t 2 f e e t emd w i t h i n the l a y e r s d i s t i n c t p lant impressions can be 
made out. The outcrop occurs 3 f e e t d i r e c t l y above the 1 foot t h i c k sand-
stone which i s considered t o represent the Low CoeuL S i l l ; thus there could 
p o s s i b l y be a greater thickness of s i m i l a r l i t h o l o g y developed and i t may 
be t h a t t h i s i s the l o c a l i t y a t Old Langdon where Adam Sedgwick ( l 8 2 7 ) 
recorded a considerable thickness of "coal or a v a r i e t y of carbonaceous 
sheQ.e". I t might be argued t h a t the coal which occurs almost immediately 
above the Great Limestone i n Teesdale i s the representative of the Low 
Coal S i l l c o a l . This seems u n l i k e l y since the coail-carbonaceous shale 
formation i s found some 10 f e e t above the limestone less than one mile 
from where the other coal seam l i e s only 1 foot above the limestone. 
Where a d i s t i n c t seam i s present the coal i s mainly b r i g h t and 
b r i t t l e but the upper p a r t may be d i s t i n c t l y shaly. I n some places, f o r 
example, i n the Stanhope neighbourhood, i t i s t o t a l l y represented by 
carbonaceous shale. Over most of the Block i t probably has a semi-
a n t h r a c i t i c character s i m i l a r to the coal above the High Coal S i l l ; t h i s 
f e a t u r e w i l l be considered more f u l l y elsewhere since i t i s almost c e r t -
a i n l y due to changes subsequent t o the formation of the coals. 
S t r a t a between the Low Coal S i l l coal and the High Coal S i l l . - These 
beds, which are e s s e n t i a l l y composed of shale, have a maximum thickness 
of 19 f e e t i n the type area but they are usually less than 10 f e e t t h i c k 
and may be much thinner than t h i s . I n both the Roddymoor and Chopwell 
Woods Boreholes ( P l . IV, 3 and 2 ) they are e n t i r e l y absent or represented 
by sandstone, since the High Coal S i l l r e s t s d i r e c t l y on the coal above 
the Low Coal S i l l . N a t u r a l l y i t i s impossible to d i f f e r e n t i a t e the 
sequence where no Low Coal S i l l or i t s accompanying coal i s developed, 
as i n most of Teesdale. The previously mentioned washout channels 
o b l i t e r a t e t h i s part of the sequence along t h e i r courses as they do the 
beds below. I n the north-west p a r t of the Block, when i t i s possible to 
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d i f f e r e n t i a t e the equivalent s t r a t a , they sire c e r t a i n l y no t h i c k e r than 
i n the type area and i f anything are thinner on average. Thus, no marked 
r e g i o n a l trend i n the thickness v a r i a t i o n of the succession can be made 
out. 
As already mentioned, these beds are e s s e n t i a l l y composed of shale 
which i n a number of cases i s sandy throughout; i n other cases, the shale 
i s not sandy except i n i t s upper p a r t . At only a few l o c a l i t i e s have 
marine f o s s i l s been recognized, w h i l s t at many l o c a l i t i e s they appear to 
be completely absent. I f f o s s i l s are present they are usually found i n 
the lower 1 f o o t of non-sandy shale at the base of the sequence, but t h i s 
i s not i n v a r i a b l y so since occasional f o s s i l s have been recovered from the 
sandy shale higher up the succession. A notable exception t o the above 
has been found i n Swinhope Borehole Nimiber 2 ( P l . IV, 5h) where the 13 
f e e t of shale between the Low and High Coal S i l l s , a l l of which i s non-
sandy, proved to be f o s s i l i f e r o u s throughout; however, two of the four 
Swinhope boreholes ( P l . IV, 55 and 56) have completely barren shale, except 
f o r p l a n t d e b r i s , at t h i s horizon. F o s s i l s are r a r e l y abundant anywhere i n 
t h i s p a r t of the sequence, but i n Snodberry Cleugh ( P l . IV, ^ 5 ) a t h i n 
concentrated band of p y r i t i z i e d s h e l l s and s h e l l debris occurs w i t h i n a 
disseminated p y r i t e m a trix i n 1 f o o t of s l i g h t l y sandy f o s s i l i f e r o u s shale 
3 f e e t above the Low Coal S i l l . I n Wellhope Burn ( P l . IV, ^ 7 ) 1 f o o t 3 
inches of f o s s i l i f e r o u s dark calcareous sandstone i s found i n the middle 
of the sequence which i s only 5 f e e t t h i c k altogether; no equivalent of 
t h i s band has been discovered elsewhere. There i s a p o s s i b i l i t y that i t 
i s the basal p a r t of the o v e r l y i n g High Coal S i l l , which i s also calcar-
eous a t the base, but t h i s i s not considered l i k e l y since the s i l l conteuLns 
no f o s s i l s and i s of e n t i r e l y d i f f e r e n t l i t h o l o g y . 
I n the lower pa r t of the sequence ironstone nodules are present i n 
both shale and sandy shale but they never a t t a i n the size of those i n the 
Great Shale, are never abundant and are only s p o r a d i c a l l y d i s t r i b u t e d ; 
lenses of ironstone are sometimes associated. 
Upwards the sandy nature of the shale becomes more apparent and 
normally i t grades i n t o the High Coal S i l l . S i m i l a r sedimentary features 
to those described i n the sandy shale below the Low Coal S i l l are apparent. 
The High Coal S i l l and c o a l . - Two d i s t i n c t forms of the High Coal 
S i l l sandstone can be recognised. One form i s comprised of an extensive 
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sheet sandstone w i t h an e s s e n t i a l l y gradational base, w h i l s t the other 
i s represented by r e s t r i c t e d washout-channel sandstones w i t h markedly 
erosive and unconformable bases. 
( i ) Sheet sandstone: This form of the sandstone i s the one which 
was most ext e n s i v e l y l a i d down and i s thus the t y p i c a l member of the 
sequence. I t i s s i m i l a r to the Low Coal S i l l but does show some v a r i -
a t i o n from i t . 
I t s p o s i t i o n i n the sequence w i t h regard to the Low Coal S i l l coed 
has already been defined but where the l a t t e r i s absent i t i s obviously 
impossible t o f i x i n such a manner. Thus, i n Teesdale the s i l l l i e s 
between 3 and 15 f e e t above the Great Limestone top. Unfortunately, i n 
Harthope Beck ( P l . IV, 3 9 ) , the only place where the Low Coal S i l l i s 
recognizable i n t h i s area, the High Coal S i l l i s represented by a channel 
sandstone, the base of which l i e s only a few inches above the peculiar 
coal-carbonaceous shale horizon which has already been mentioned. 
The sheet ssuidstone v a r i e s considerably i n thickness over the type 
area w i t h a maximum of more than 35 f e e t i n Silverband Mine Borehole 
Nvimber 5 ( P l . IV, 6 9 ) . On average i t i s between 10 and I 5 feet t h i c k 
and consequently t h i c k e r than the Low Coal S i l l . However, i t does become 
thi n n e r i n some places, as i n the Stanhope quarries. Like the Low Coal 
S i l l i t i s l o c a l l y absent, although on the whole i t appears to be a more 
p e r s i s t e n t horizon and i s c e r t a i n l y more extensive. 
For most of Teesdale an average thickness s i m i l a r to the type area 
i s i n keeping, but i n the v i c i n i t y of Hudeshope i t i s d i f f i c u l t t o d i f f e r -
e n t i a t e the High Coal S i l l from the o v e r l y i n g (and ?underlying) sandstone. 
However, a shale p a r t i n g may be developed above i t ( P l . IV, 26) and i n at 
l e a s t one s e c t i o n ( P l . IV, 30 ) the High Coal S i l l coal i s present although 
i t i s immediately overleiin by sandstone. Where i t does prove possible to 
d i s t i n g u i s h the lower sandstone i t i s u s u a l l y t h i c k and, as previously 
mentioned, may i n p a r t represent the Low Coal S i l l . ' The l i m i t s of the 
combined t h i c k sandstone trend i n a north-north-east to south-south-west 
d i r e c t i o n on the west side of Hudeshope (Plate I I I ) ; northwards, r e l a t e d 
conditions can be traced by way of Cornish Hush A i r Shaft ( P l . IV, 23) to 
the south side of Bollihope Burn where the l i m i t s of t h i c k sandstone have 
an approximate east-north-east to west-south-west trend. I n the l a t t e r 
area, however, i t i s o f t e n possible t o d i f f e r e n t i a t e the High Coal S i l l , 
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which has an average thickness, from the ov e r l y i n g abnormally t h i c k ssmd-
stone. The accumulation of such a thickness of sandstone w i t h i n t h i s 
b e l t can best be explained by continuous deposition of sand i n a r e s t r i c -
ted "channel" contemporaneous w i t h the formation of the adjacent eJ.ter-
n a t i n g sandstone-shale sequence; the coal and t h i n shale partings w i t h i n 
the t h i c k sandstone would be formed during h a l t s i n the deposition of 
sand, probably near the edges of the "channel". This "channel" sauidstone 
i s not comparable w i t h the i n f i l l e d v/ashout-channels to be described 
l a t e r since i t was formed at the same time as the sediments i n which i t 
i s contained and w i t h which i t probably i n t e r - d i g i t a t e s . Neither does i t 
have a markedly erosive base as do the washout-channels. The semdstone 
i n the "channel" u s u a l l y grades up from the iin d e r l y i n g sediments sind i s 
not coarse grained i n i t s lower psirt as i n the washout-channels. However, 
the base may be l o c a l l y erosive, as f o r example, i n the v i c i n i t y of the 
Pikestone Brow Shaft ( P l . IV, 24) where the t h i c k sandstone, abnormally 
f o r i t , i s i n contact w i t h the Great Limestone. I t must be emphasized 
too t h a t the High Coal S i l l only forms part of t h i s "channel" whereas the 
washout-channels are completely r e l a t e d to the High Coal S i l l and conteiin 
a maximtm thickness of sandstone at l e a s t equal to t h a t i n the complete 
"channel". This i s i n s p i t e of the f a c t t h a t the washout-channels were 
apparently cut and i n f i l l e d i n a considerably shorter period of time than 
i t took f o r the complete "channel" sandstone to accumulate. 
I n the north-west peirt of the Block the representative of the High 
Coal S i l l shows considerable v a r i a t i o n i n thickness. Immediately to the 
west of the South Tyne there i s no sandstone present a t a l l , whereas on 
the Escarpment 50 t o 60 f e e t has been recorded at t h i s horizon i n L i t t l e 
Bleaberry G i l l ( P l , IV, 77). I n Lunchy Beck, Croglin Water ( P l . IV, 76), 
less than two miles to the south-east, the same sandstone i s only 6 f e e t 
t h i c k approximately. Short (195^) considered th a t the t h i c k sandstone was 
the c o n t i n u a t i o n of a "washout" which he traced, mainly by features, from 
the n o r t h end of Cross F e l l northwards and p a r a l l e l to the Pennine F a u l t s . 
The s p e c i f i c horizon of the so-called "washout" was not made clear, how-
ever. Although the t h i c k sandstone of L i t t l e Bleaberry G i l l has a coarse 
base, i t i s not considered t o occupy a washout-channel since i t l i e s at a 
s i m i l a r l e v e l above the Low Coal S i l l coal as the sheet sandstone of 
Lunchy Beck which i s much thinner and also has a coarse base. However, 
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i t ' i s possible t h a t the t h i c k e n i n g of the sandstone may be confined to 
a channel-like s t r i p which Short mistook f o r a "washout", 
j Thick developments of the sheet sandstone i n the type area are 
probably also confined t o such s t r i p s which usually can be seen t o have 
a g r a d a t i o n a l base. To accommodate the greater thickness of semd which 
accjumulated i n these r e s t r i c t e d zones without displacement of the s t r a t a 
below, there must have been a c e r t a i n amount of d i f f e r e n t i a l and l o c a l i z e d 
su'iisidence during d e p o s i t i o n . 
^ From the above, i t can be seen th a t there i s no d e f i n i t e r e g i o n a l 
trend i n the thickness v a r i a t i o n of the sheet seuidstone. Thickening 
appears to be a l o c a l e f f e c t confined to narrow channel-like s t r i p s . 
The sheet sandstone normally grades up from the sandy shale below 
but i n places the base i s s l i g h t l y erosive, as f o r example, i n Parson Byers 
Quarry, Stanhope. The erosive chairacter i s only a very l o c a l e f f e c t , 
probably due to scour, since l a t e r a l l y i n the same quarry a normal gradat-
ionsil base can be observed. Sometimes sandstone develops at the expense 
of the underlying sandy shale; t h i s i s at i t s extreme i n the Roddymoor and 
Chopwell Woods Boreholes ( P I . IV, 3 and 2) where sandstone has completely 
replaced the shale and sandy shale and r e s t s immediately on the Low Coal 
S i l l c o a l . 
The s i l l i s f i n e grained at the base amd becomes medium grained up-
wajfds normally. L o c a l l y , however, i t i s d i s t i n c t l y coarse grained i n part 
and i n Dry Sike ( P l . IV, 51)» Burnhope, less than one mile east of Burnhope 
Seat, i t contains pebbles of milky quartz up to approximately 7 mm. i n 
dieuneter. Generally, the cosirse grained nature i s found i n the t h i c k e r 
developments of the sheet sandstone but t h i s i s not always so because i n 
Cowhorse Hush ( P I . IV, 46), below Cowhorse H i l l , the 6 feet t h i c k High 
Coal S i l l i s coarse grained. 
The sandstone i s normally quite massive where i t i s reasonably t h i c k 
but prominent s o f t sandstone and shaly sandstone bands eu:e inter-bedded 
sometimes. Generally i t i s more massive than the Low Coal S i l l ( F i g . 21) 
but where i t becomes thi n n e r the s o f t sandstone ajid shaly sandstone bsmds 
form a l a r g e r p r o p o r t i o n of i t than normal. I t i s also poorly represented 
i n places and i t may degrade completely to a shaly sandstone or even grey 
beds. I n the north-west i t appears th a t l o c a l l y the s i l l i s not repres-
ented at a l l , but f o r t u n a t e l y the High Goal S i l l coal i s a t h i c k r e l i a b l e 
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seam over the whole of t h a t area so that the horizon can be recognized 
e a s i l y . 
No f o s s i l s i n d i c a t i n g marine conditions have been found i n the seind-
stone unless the f o s s i l i f e r o u s csJ-careous band which l i e s below the main 
exposure i n Wellhope Burn ( P I . IV, 4?) i s part of i t . As already stated, 
t h i s i s not considered so even though the basal part of the s i l l has 
proved to be calcareous as w e l l as coarse grained. The only other l o c a l -
i t y where a d i s t i n c t l y calcareous nature has been recognised i s Lunchy 
Beck ( P l , IV, 76). Here, the sandstone has a calcareous top which i s 
separated from the o v e r l y i n g coal by a f o o t or so of shale; no fauna was 
recorded from the calcareous horizon by T r o t t e r and Hollingworth (1932), 
"'Annelid t r a c k s " , ripple-markings, shale fragments, plant debris and 
cross-bedding are a l l recognizable features which occupy t h e i r appropriate 
p o s i t i o n s i n the sandstone as i n the Low Coal S i l l . Ripple-marking and 
cross-bedding are most commonly seen. 
Because of the e x c e l l e n t exposure i n the Stajihope quarries another 
f e a t u r e a f f e c t i n g the High Coal S i l l has come to l i g h t . This tsdces the 
form of minor washouts which cut i n t o the top of the sandstone but do not 
cut i t out completely. They are almost c e r t a i n l y r e l a t e d to the same 
phase of erosive a c t i v i t y as the washout-channels and thus aid i n p i n -
p o i n t i n g the exact time of formation of the l a t t e r . The l a r g e s t washout 
i s seen i n Parson Byers Quarry ( F i g . 23a) where i t i s about 70 yards wide 
and cuts ^lown f o r a maximum of 6 f e e t i n t o the 7 f e e t t h i c k High Coal S i l l ; 
t h i s channel appears as though i t was not completely i n f i l l e d w i t h shaly 
m a t e r i a l before the formation of the o v e r l y i n g coal which consequently 
bends down i n t o the washout; the d i f f e r e n t i a i l compaction of shaly and 
sandy sediments could account f o r t h i s f l e x u r e , however. The coal i s no 
t h i c k e r w i t h i n the washout than elsewhere although i t might have been 
expected t o be so i f the washout was not completely i n f i l l e d since there 
would then have been the f a c i l i t y f o r the acciimulation of a greater t h i c k -
ness of peat. Other washouts are seen i n Ashes Quarry (Fig. 23b) but they 
never have an amplitude of more than a f o o t or so; i t appears that they 
were completely i n f i l l e d w i t h shale before the formation of peat, but i t 
i s impossible to ascertain t h i s since they are inaccessible. 
The upper par t of the s i l l almost i n v a r i a b l y contains abundant 
Stigmaria and plant r o o t l e t s i n s i t u which are generally much more common 
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F i g , 23a, A large but minor washout i n the High Coal S i l l (H,C,S.) 
above the Great Limestone (G,L,), Parson Byers Queury, 
Weardale, The centre of the washout i s indicated by a 
W above i t * 
Fi g , 23b. A very minor washout i n the High Coal S i l l , Ashes West 
Quarry, Weardale. Abbreviations indicating s t r a t a are 
as on F i g , 20. 
than i n the Low Coal S i l l . This i s only to be expected since the High 
Coal S i l l coal i s o v e r a l l considerably t h i c k e r than the coal above the 
lower s i l l and would consequently require a greater accumulation of peat 
from which to form. The very top of the s i l l immediately beneath the coal 
i s f r e q u e n t l y s o f t and shaly. 
( i d ) Washout-chemnel sandstones; The channels were apparently formed 
subsequent to the deposition of the High Coal S i l l sheet sandstone at any 
one p o i n t but p r i o r to the c o l o n i z a t i o n of the l a t t e r ' s top by the vege-
t a t i o n which gave r i s e to the o v e r l y i n g coal. C r i t i c a l evidence f o r t h i s 
i s found i n Rogerley Quarry, between Stanhope and F r o s t e r l e y , where em 
i n f i l l e d washout i s seen to cut out the sheet sandstone and underlying 
beds but i s i t s e l f o v e r l a i n by the continuous H i ^ Coal S i l l coal (Front-
i s p i e c e and Figs. 24a and 24b). The presence of smaller washouts i n the 
top of the High Coal S i l l also i n d i c a t e s t h a t the period of channelling 
f o l l o w e d the formation of the sheet sandstone. By reasonable e x t r a p o l -
a t i o n i t seems l i k e l y t h a t a l l the i n f i l l e d channels are of s i m i l a r age 
even though they are not so w e l l exposed. A l l are immediately o v e r l a i n 
by the High Coail S i l l coal and are probably r e l a t e d to the channels along 
which sediment was introduced to the area and then spread out to form the 
shales and sheet sandstone of the normal sequence. Whilst the l a t t e r was 
being formed the channels generally l a y outside the present area of depos-
i t i o n and only transgressed over i t a f t e r the formation of the High Coal 
S i l l sheet sandstone and p r i o r to the formation of the o v e r l y i n g High Coal 
S i l l c o a l . I n advancing they cut deep courses which were subsequently 
euLluviated by the e s s e n t i a l l y sand grade m a t e r i a l now found i n them i n a 
consolidated s t a t e . 
I t i s considered t h a t a l l the washout channels are i n t e r - r e l a t e d and 
the deduced channel p a t t e r n i s shown on Plate I I I . There i s one major 
channel w i t h a w i d t h of about one mile v;hich can be traced southward 
across the whole of the Block from the v i c i n i t y of Hunstanworth. I t 
probably continues northward but xmfortunately there i s no information 
a v a i l a b l e to f i x i t s course. To the south of the Block, which v / i l l be 
d e a l t w i t h here f o r convenience, the channel i s knovm i n the neighbourhood 
of Borrowdale Beck, three miles east-north-east of Brough, I t s c o n t i n -
u a t i o n south beyond t h i s l o c a l i t y i s unknown eind open to speculation, no 
c r i t i c a l exposures being a v a i l a b l e since the channel trends i n t o the area 
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F i g . 24a. A sandstone-filled subsidiary washout-channel truncating 
the Low and High Coal S i l l sheet sandstones, Rogerley 
Quarry, Weardale. The washout i s indicated by a W whilst 
the'other beds are indicated as on F i g , 20. 
Fi g . 24b. The edge of the above sandstone-filled washout to show 
the sharp truncation of the sheet sandstones £uid the 
continuous nature of the High Coeil S i l l COEG. (H.C.S.C.) 
above both the washout and the High Coal S i l l sheet 
sandstone. 
where rocks of t h i s age have been removed by erosion. However, i t may 
l i n k up w i t h a channel proved f a r t h e r south on the Askrigg Block i n the 
v i c i n i t y of Baugh F e l l (see l a t e r ) . Three subsidiary channels which are 
gener a l l y l e s s than h a l f a mile wide branch o f f from the major channel. 
They a l l l i e t o the east of the major channel and appear to diverge from 
i t at or near where there i s a marked change i n i t s course. None of them 
can be traced f o r any great distance which probably i n d i c a t e s that they 
r a p i d l y died out. The p o s s i b i l i t y t h a t there may be more than three 
subsidiary channels cannot be r u l e d out and, i n f a c t , a f o u r t h one pro-
bably branched o f f the east side of the major channel i n the v i c i n i t y of 
Langdon Beck. R e l a t i v e l y recent erosion has removed most of the evidence 
f o r the presence of t h i s channel but i t i s preserved ferther south i n Har-
g i l l Beck on the north side of the Cotherstone Syncline (see l a t e r ) . 
I n the northern peirt of i t s course the major channel cuts i n t o the 
und e r l y i n g sediments t o w i t h i n a few f e e t of the Great Limestone top. 
However, south of a point immediately to the n o r t h of St. John's Chapel 
the Great Limestone has apparently been penetrated along the whole length 
of the channel and as a r e s u l t has been reduced to a minimum thickness of 
27 f e e t n o r t h of Langdon Beck (Plate I I ) ; a deeper i n c i s i o n may have taken 
place i n Borrowdale Beck but t h i s i s not c e r t a i n . The base of the channel 
i s s l i g h t l y i r r e g u l a r as can be seen i n Sunny Brow Mine Quarry, north of 
St, John's Chapel, where the coarse sandstone i n f i l l i n g of the channel i s 
i n i r r e g u l a r contact w i t h the Great Limestone. The c h a n n e l - f i l l m a t e r i a l 
i n the major cheuinel has a msiximum observed thickness of 82 f e e t i n A l l e r 
Cleugh ( P I , IV, 4 l ) , h a l f a mil e n o r t h of St. John's Chapel. The Great 
Limestone has been penetrated at t h i s l o c a l i t y but a thickness of 68 fee t 
i s a t t a i n e d i n Ramshaw Engine Shaft ( P I . IV, 5 ) , Ramshaw, even where the 
channel has only do\ra-cut i n t o the sediments above the limestone top. 
I n some cases the t h i c k channel sandstone now l i e s w i t h i n an adjacent 
sequence of s t r a t a which i s much t l i i n n e r than i t s e l f , and thus there i s 
the problem of accommodating i t . This i s exemplified when the adjacent 
sections i n the Hunstanworth Mines a t Ramshaw Engine Shaft ( P I . IV, 5) 
and Taylor's Shaft ( P l . IV, 7) are considered. The 68 f e e t t h i c k channel 
sandstone a t Ramshaw has to be accommodated w i t h i n the 9 f e e t t h i c k shale 
and coal sequence below the High Coal S i l l coal of Taylor's Shaft, Un- -
doubtedly the greater compaction f a c t o r s of peat and clay, as compared 
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w i t h sand, w i l l cQ.leviate t h i s anomaly to some extent; however, possibly 
there was also more subsidence along the channels, thus allowing a t h i c k e r 
accumulation of sand. IVhere the sandstone occupies a channel cut i n t o the 
Great Limestone as w e l l as the o v e r l y i n g sediments the problem of accommo-
dat i n g i t i s not acute. 
Very coarse grained f e l d s p a t h i c sandstone was l a i d down at the base 
of the major channel; contained i n i t are occasional lenses of g r i t w i t h 
a few milky quartz pebbles of up to approximately 13 mm. i n diameter. I t 
i s markedly cross-bedded but the u n i t s are not large and r a r e l y do they 
exceed more than 2 fe e t i n thickness. Where the c h a n n e l - f i l l sandstone 
i s at i t s t h i c k e s t up to 40 fe e t i s coarse grained as above. The coarse 
grained sandstone grades up i n t o medium grained m a t e r i a l which i s also 
cross-bedded but not so markedly as lower i n the channel. I n Harthope 
Beck ( P I . IV, 39) and R e d g i l l Sike ( P l . IV, 58), Teesdale, on the east 
flcink of the channel, f o s s i l s occur i n the sandstone intermixed w i t h shale 
fragments and p l a n t debris approximately 8 feet below the top. The f o s s i l s , 
which comprise small c r i n o i d ossicles and O r t h o t e t i d s , au:e not abundfint €ind 
appeair to be r e s t r i c t e d t o less than 1 fo o t of s t r a t a ; nevertheless, they 
probably i n d i c a t e a short marine i n c u r s i o n i n t o the channel, silthough they 
could be derived. I n A l l e r Cleugh ( P l . IV, 4 l ) , Weardale, the upper 11 
f e e t of the channel i s i n f i l l e d w i t h sandy shale which contains f i n e 
grained sandstone bamds and also ironstone nodules at the top. V/ithin 
the sandy shale there i s a f o s s i l i f e r o u s band i n a simileur p o s i t i o n to the 
one i n Teesdale. The top of the cheuanel-fill i s not exposed elsewhere but 
from shaft records i t would appear that i t i s not o f t e n shsuLy. 
The subsidiary channels apparently do not cut i n t o the Great Limestone 
but they approach very close to the limestone top, one such channel being 
e x c e l l e n t l y exposed i n Rogerley Quarry ( P l . IV, I 6 ) , between Stanhope and 
F r o s t e r l e y . Normally the channel-base l i e s about 5 feet above the lime-
stone top but i t can descend lower auid i n S t o t f i e l d Burn Mine, Rookhope, 
the two come i n t o contact at Number 3 shaft ( P l . IV, 12). I r r e g u l e i r i t i e s 
i n the channel base eire small but o f t e n pronounced ( F i g . 25). As previous-
l y mentioned, the channels cannot be traced f o r any great distance. Their 
shortness may i n some measure be appsirent and due to lack of exposure, 
however. This c e r t a i n l y appears to be the case f o r the easterly channel 
to some extent but does not seem to be so f o r the other two, although i t 
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Pig, 25, I r r e g u l a r i t i e s (marked X) at the base of the subsidiary 
sandstone-filled washout-channel, Eogerley Quarry, Wesirdale, 
could be sLTgued t h a t the middle one continues southward to j o i n up w i t h 
the "channel" on the west side of Hudeshope. However, on the evidence 
a v a i l a b l e i t i s considered t h a t the Hudeshope "channel" was formed cont-
emporaneously w i t h the deposits i n which i t i s contained and i s thus not 
d i r e c t l y r e l a t e d to the washout-channels. A ra p i d decrease i n the erosive 
power of the streams which cut the subsidiary channels i s a f e a s i b l e 
explanation of t h e i r disappearance; such a decrease might be expected as 
the distance from the parent channel increased. 
A maximum thickness of kO f e e t of c h a n n e l - f i l l m a t e r i a l i n the sub-
s i d i a r y channels i s found i n S t o t f i e l d Burn Mine ( P l . IV, 12) where the 
base i s i n contact w i t h the Great Limestone; the average thickness l i e s 
nearer to 50 f e e t , however. 
Coarse grained seindstone was l a i d down only at the base of the sub-
s i d i a r y channels and i t r a p i d l y grades up i n t o medium grained ssuidstone. 
W i t h i n the coarse sandstone at the very base of the channel are fragments 
of shale and the impressions of p l a n t stems with a diameter of up to 6 
inches; shale fragments are present higher up too. Upwards the channel-
f i l l m a t e r i a l becomes f i n e r grained and frequently the top 5 f e e t or so 
i s composed of shsily sandstone which contains small p y r i t e and ironstone 
nodules. Near the edge of the channels shaly m a t e r i a l may be present even 
lower down where i t i s interbedded w i t h massive bands of semdstone, the 
two l i t h o l o g i e s being involved i n prominent wedge-bedding which i s formed 
at am angle approximately peurallel to the sides of the channel ( F i g . 26) 
and only f l a t t e n s out towards the channel base. Thus, the wedge-bedding 
s t r i k e s p a r a l l e l to the course of the channel and dips i n t o the centre of 
i t . Massive sandstone i s dominant i n the lower psirt of i n d i v i d u a l beds 
invo l v e d i n the wedge-bedding but towards the top of the chauinel each bed 
i s p a r t i a l l y replaced by shaly sandstone which i s dominant at the very 
top. I t i s obvious th a t the channel has had a complex h i s t o r y of a l l u v -
i a t i o n w i t h periods of f i l l a l t e r n a t i n g w i t h periods of erosion; t h i s i s 
w e l l i l l u s t r a t e d on F i g . 26 which shows an upper wedge-bedded u n i t c u t t i n g 
across a lower one. Away from the meirgins of the channel wedge-bedding i s 
not so pronounced and the f i l l m a t e r i a l i s comprised of massive sandstone 
(Fi g . 27) except f o r the upper few f e e t . 
Wedge-bedding can only be d i s t i n c t l y seen i n the quarries which 
expose the eastern subsidiary channel. However, i t i s probably developed 
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F i g . 26. Wedge-bedding i n the f i l l material near the edge of the 
subsidiary washout-channel, Rogerley Quarry, Weardale. 
Individual beds are indicated sis previously. 
F i g . 27. E s s e n t i a l l y massive sandstone f i l l i n g the centre part of 
the subsidiary washout-channel, Rogerley Quarry, Weardale. 
Abbreviations used previously indicate individual beds. 
along the margins of a l l the other washout-channels but has not come to 
l i g h t simply because they are not so w e l l exposed. I t s formation i s 
considered t o be due to banking-up of sediment on the margins of the 
channel. Thus, a type of large scale cross-bedding has been formed which 
has i t s maximiun dip v i r t u a l l y at r i g h t angles to the current which flowed 
along the channel, auid not p a r a l l e l t o i t . Small scale cross-bedding i s 
also present i n the channels, e s p e c i a l l y i n the lower part of the channel-
f i l l deposit. 
F ollowing the complete i n f i l l i n g of the channels the whole area was 
colonised by vegetation except f o r th a t area occupied by the "channel" 
on the east side of Hudeshope which extends i n t o the Bollihope v a l l e y . 
The r o o t s of the vegetation are preserved i n the upper part of the channel-
f i l l deposits, as w e l l as the sheet sandstone, and,as mentioned e a r l i e r , 
the r o o t remains are qui t e abundamt. 
The High Coal S i l l coal which i s formed from the remains of the plants 
t h a t colonized the area i s the most important and prominent seam of the 
cyclothem. Consequently, i t can be i n t e r p o l a t e d t h a t there must have been 
a considerable period of pl a n t gro^tfth i n order to accumulate the amount of 
peat r e q i i i r e d to form i t . I t has been proved i n nearly every exposed 
s e c t i o n i n the area but may be only s p o r a d i c a l l y developed i n the extreme 
east p a r t of Teesdale. Only one of the Swinhope Boreholes ( P l . IV, 53 -
56) proved the sesim but i t i s q u i t e possible t h a t i t was l o s t during 
d r i l l i n g of the other holes since coal i s n o t o r i o u s l y d i f f i c u l t t o core 
a t a smeG-l diameter xmless s p e c i a l precautions are taken. Several mine 
sections do not record the seam e i t h e r , but as pointed out by Winch (1817), 
"coals being very uncertsiin i n t h e i r extent are seldom noticed i n the lead 
mine sections". Thus, the seam may be absent l o c a l l y but on the whole i t 
i s a r e l i a b l e horizon over a very larg e area. 
T r o t t e r and Hollingv/orth (1932) were not aware of the d e t a i l e d nomen-
c l a t u r e and c o r r e l a t i o n of the seams i n the north-west part of the Block 
w i t h those to the east and south. Consequently, they adopted the term-
ino l o g y used i n the Northumbrian Trough f a r t h e r to the north and north-
east and grouped them together as the L i t t l e Limestone Coals. The middle 
seam, which i s the High Coal S i l l coal, was noted to be the t h i c k e s t and 
best i n q u a l i t y u s u a l l y . Where t h i s seam i s worked i n the neighbourhood 
of A l s t o n i t i s a c t u a l l y c a l l e d the L i t t l e Limestone Coal although i t l i e s 
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some 16 f e e t belov; the limestone. 
The seam a t t a i n s i t s maximum thickness i n the extreme north-west 
p a r t of the Block where i n Gairs P i t , three miles south-east of Tsilkin, 
i t v a r i e s between 3 and k f e e t t h i c k . Regionally i t i s t h i c k e s t i n an 
area s i m i l a r to the coal above the Low Coal S i l l ; t h a t i s to say, the 
region around A l s t o n , but mainly to the north and north-west. Nowhere 
else i n t h i s region i s i t as t h i c k as a t Gears P i t but often i t i s l i t t l e 
t h i n n e r thsm 2 f e e t t h i c k . Because of i t s thickness and semi-anthracitic 
character the seam i s being a c t i v e l y worked near Alston at four small 
d r i f t mines f o r household and i n d u s t r i a l purposes. South and east of 
Als t o n the seam t h i n s but i s fr e q u e n t l y as t h i c k as 1 f o o t and i n S h i l -
don Shaft ( P l . IV, 10), near Blanchland, i s 2 f e e t k inches t h i c k . I t 
i s reduced t o a thickness of 2 inches at one l o c a l i t y i n Weardale but i s 
u s u a l l y nearer 1 f o o t t h i c k . I n Teesdale, where a maximum thickness of 
6 inches has been recorded, there appears to be a t h i n n i n g of the seam 
t o the south-east. W i t h i n the confines of the "channel" on the west side 
o f Hudeshope no COSLL was recorded except possibly at the edges; t h i s i s 
probably because adverse conditions i n the "chemnel" almost completely 
i n h i b i t e d the plsmt growth necessary f o r the formation of coal. There 
also appears to be a r a p i d t h i n n i n g of the seam due south of Alston because 
from being 1 f o o t 2 inches t h i c k i n Rotherhope F e l l Mine ( P l . IV, 63) 
there i s a decrease to a thickness of 3 inches i n Silverbeind Mine ( P l . IV, 
70) on Great Dun F e l l , 
East of the exposures on the Block no coal was recorded i n the 
Chopwell Woods, Roddymoor and Elstob Boreholes ( P l . IV, 2, 3 and 4) , but 
a 2 f e e t t h i c k seam was proved i n the Harton Borehole ( P l , IV, 1) at t h i s 
h o r i z o n . The l a t t e r f i n d might be considered as evidence i n d i c a t i v e of 
an area of t h i c k coal formation i n the north-east, as w e l l as the north-
west p a r t of the Block, I n f a c t , there may be such an area along the 
whole of the northern edge of the Block, f l a n k i n g the Trough where even 
t h i c k e r coals were formed. C e r t a i n l y the Shildon record ( P l . IV, 10) 
would i n d i c a t e t h i s , but unfortxmately no coal was proved i n the Chop-
w e l l Woods Borehole ( P l . IV, 2) to substantiate the hypothesis. 
Very minor s e a m - s p l i t t i n g takes place occasionally, as f o r example, 
i n Ayle C o l l i e r y , where 1 i n c h of coal i s separated from the main 1 foot 
9 inches t h i c k seam below i t by 6 inches of shale. This s p l i t t i n g i s 
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only a l o c a l feature and the shale p a r t i n g r a p i d l y dies out. 
Large p y r i t e concretions, up to 6 inches i n diameter, occur w i t h i n 
the seam, e s p e c i a l l y i n the area where i t i s a t i t s t h i c k e s t . They are 
extremely common at Barhaugh P i t , but are v i r t u a l l y unknown i n the seam 
at Ayle C o l l i e r y only two miles to the south-east. 
The coal i s normally b r i g h t and b r i t t l e and i s not very often mark-
edly shsily. I n v a r i a b l y i t i s h i g h l y j o i n t e d ( c l e a t y ) and consequently i t 
breaks up i n t o very small pieces; the small pieces themselves have a sub-
conchoidal f r a c t u r e , probably due to the semi-anthracitic character of the 
c o a l . This l a t t e r character i s widespread but \\d.ll be dealt w i t h else-
where since i t i s probably not an o r i g i n a l feature of the coal. 
S t r a t a between the High Coal S i l l coal and the White Hazle.- This 
sequence i s more v a r i a b l e than t h a t between the Low Coal S i l l coal and 
the base of the High Coal S i l l . I t s top i s also i r r e g u l a r l y defined 
because of the v a r i a b l e development of the White Hazle which i s some-
times completely absent a l l o w i n g the sequence to extend up to the L i t t l e 
Limestone base, as i n the Harton Borehole ( P l . IV, 1); however, on the 
other hand, the sequence i s often thinned by the White Hazle thickening 
at i t s expense as shown below. 
I n the type area the beds are es s e n t i s i l l y of shale which i s fr e q u e n t l y 
sandy to a greater or less extent. I n the lower part of t h i s shale sequence 
a l e n t i c u l a r marine band i s present which passes l a t e r a l l y aind expands i n t o 
a very sparsely f o s s i l i f e r o u s or barren l e n t i c u l a r ssmdstone; t h i s sand-
stone i s probably the l a t e r a l representative of a t h i c k sandstone i n the 
Teesdale sequence which u s u a l l y has a f o s s i l i f e r o u s top. 
The maximum thickness of these beds i n the type area i s atteiined i n 
the v i c i n i t y of a small stream ( P l . IV, 17) which flows through Fine Plan-
t a t i o n i n t o Rogerley Quarry, one mile south-east of Ste^nhope. Here they 
are 30 f e e t t h i c k but normally they are much th i n n e r , the average t h i c k -
ness l y i n g between 10 aind 15 f e e t . Where the White Hazle i s very t h i c k 
the sequence i s reduced i n thickness and can be thinner than 5 f e e t , as 
i n the streams on the south side of Bollihope Burn; t h i n n i n g also takes 
place i r r e s p e c t i v e of the above replacement by sandstone, however. On the 
other hand, t h i c k e n i n g of the sequence may take place by the White Hazle 
being poorly developed. At four separate l o c a l i t i e s ( P l . IV, 60, 57, 59 
and 9) the High Coal S i l l coal i s d i r e c t l y o v e r l a i n by sandstone which 
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i s continuous up to the L i t t l e Limestone base; these special conditions 
w i l l be dealt w i t h more f u l l y below. I n the north-west part of the Block 
the equivalent s t r a t a are thinner than i n the type area and, whereas i n 
C l a r g h y l l Burn and Ayle Burn ( P l . IV, 71 and 72) they are 16 f e e t t h i c k , 
they t h i n to 8 f e e t i n Snope Burn ( P l . IV, 7k) and are only 3 f e e t 6 
inches t h i c k on the escarpment i n Croglin Water ( P l . IV, 76). To the south 
of the type area, i n Teesdaile, the incoming of the t h i c k f o s s i l i f e r o u s 
sandstone causes an o v e r a l l expamsion of the sequence which thus has a 
maximiun thickness of 4o f e e t i n How G i l l ( P l . IV, 31), one mile n o r t h -
north-west of Middleton. This thickness may be exceeded vri t h i n the con-
f i n e s of the "channel" which contains the combined ?Low Coal S i l l , High 
Coal S i l l , f o s s i l i f e r o u s sandstone and White Hazle, but i t i s impossible 
to a s c e r t a i n t h i s . The sequence r a r e l y has a thickness lower than 20 f e e t 
i n Teesdale but a minimum of 10 f e e t i s reached i n S n a i s g i l l Sike ( P l . IV, 
32), l e s s than one mile north-north-east of Middleton, 
I n the type area the shale which generally comprises these beds i s 
sometimes completely sandy but often the lower part of i t i s not so. 
Marine f o s s i l s are most common i n the basal part where i t i s non-sandy, 
but occasionally they are present when a sandy character i s obvious. At 
a few l o c a l i t i e s a r i c h fauna i s found i n the shale immediately o v e r l y i n g 
the High Coal S i l l coal; t h i s has been found to p e r s i s t f o r 5 f e e t up to 
the marine band i n Swinhope Borehole Number 3 ( P l , IV, 55), but normally 
f o s s i l s are only present i n the lower 2 feet or so of the shale and are 
o f t e n much more r e s t r i c t e d than t h i s . The fauna i s c e r t a i n l y more wide-
spread and r i c h e r at t h i s horizon than that i n an equivalent p o s i t i o n above 
the Low Coal S i l l coal but even so i t i s not developed everywhere. I r o n -
stone nodules are sometimes present i n the shale and may be mixed w i t h 
the fauna; however, i f nodules are present f o s s i l s are not usually very 
common. 
The prominent meirine band previously mentioned was i n i t i a l l y discov-
ered i n Cow Burn ( P l . IV, l8) which flows i n t o the west end of Parson 
Byers Quarry, approximately one mile south of Stanhope. Here i t i s a 1 
f o o t 6 inches t h i c k i r r e g u l a r l y bedded calcareous sandstone which l i e s 7 
f e e t above the High Coal S i l l c o a l . Contained i n i t are elongate i r o n -
stone./ concretions and a fauna which i s dominated by Eomarginifera w i t h 
s u b s i d i a r y t r i l o b i t e p ygidia (mucronate), small c o r a l s , c r i n o i d o ssicles, 
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gastropods and other brachiopods. The shale which occurs above the prom-
i n e n t band i s also f o s s i l i f e r o u s f o r a maximum of 2 fee t 6 inches but the 
fauna i s mainly concentrated i n the lower part of i t . 
The band has a widespread d i s t r i b u t i o n but i t i s c e r t a i n l y l e n t i c u l a r , 
being absent at some l o c a l i t i e s . Discoveries of i t have been made over the 
whole of the type area, p a r t i c u l a r l y i n Weardale, and the f a r t h e s t west i t 
has been found i s i n Ayle Burn ( P l . IV, 72). I t s p o s i t i o n above the High 
Coal S i l l coal normally v a r i e s between 2 and 10 f e e t , but i n a t r i b u t a r y 
of South Langtae Sike, Harwood Beck, one and a h a l f miles south-east of 
Burnhope Seat, the possible representative appears to r e s t d i r e c t l y on the 
co a l . This v a r i a t i o n i n p o s i t i o n m i ^ t be taken to i n d i c a t e that more than 
one band i s developed w i t h i n a r e s t r i c t e d v e r t i c a l range. However, the 
same horizon can be traced from Parson Byers Quarry to Newlandside Quairry, 
a distance of one mile i n which i t descends from 10 f e e t to 3 f e e t above 
the c o a l . This csuinot be regarded as conclusive evidence that there i s 
only one band, but i n the type area no l o c a l i t y has been found where there 
i s more than one present i n the same section. The evidence from Swinhope 
Borehole Number 3 and Niunber 1 ( P l . IV, 55 and 53) i n d i c a t e s that the marine 
band i s c l o s e l y r e l a t e d t o the f o s s i l i f e r o u s marine shale below i t i n s p i t e 
of the f a c t t h a t they are separated by apparently barren and often sandy 
shale i n some sections. The two thus form a marine series and conden-
sa t i o n or expansion of t h i s series would account f o r the variable p o s i t i o n 
of the marine band. I t i s thus considered t h a t there i s only one band emd 
though i t occupies a reasonably s p e c i f i c horizon i t does vary somewhat i n 
p o s i t i o n above the High Coal S i l l cosil. 
I n the type area the band has a thickness which varies betv^een 2 
inches and 1 f o o t 9 inches but up to 3 f e e t of shale above i t may also be 
f o s s i l i f e r o u s . The l e n t i c u l a r nature of the band i s w e l l seen i n Sedling 
Burn ( P l . IV, 42) where i t t h i n s from 6 inches to 2 inches w i t h i n 10 yards. 
L i t h o l o g i c e i l l y i t u s u a l l y consists of calcareous sandstone which i s 
of t e n i r r e g u l a r l y bedded and carbonaceous. I n places i t i s non-calcar-
eous; sometimes t h i s i s due to secondary d e - c a l c i f i c a t i o n but i n other 
cases the sandstone i s s i l i c e o u s and does not appear to have been calcsir-
eous o r i g i n a l l y . On the other extreme, the band may be formedrf sandy . 
limestone but t h i s l i t h o l o g y i s not very ccxnmonly encountered. The f o s s i l 
content i s also v a r i a b l e since at some l o c a l i t i e s there i s a r i c h fauna 
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w h i l s t at others i t i s almost barren. The fauna i s dominated by c r i n o i d 
o s s i c l e s and brachiopods, among which Orthotetids (?Schellwienella), 
Eomarginifera and Camarotoechia are common. Some of the brachiopods 
have both valves s t i l l a r t i c u l a t e d , and thus i t appears t h a t a t l e a s t 
some of the fauna may be indigenous. Plant debris i s also contained i n 
the marine band but i t i s i n v a r i a b l y comminuted. 
Up t o 3 f e e t of shale above the calcareous samdstone i s f o s s i l i f e r -
ous but only the lower part contains a reasonably p r o l i f i c fauna. I r o n -
stone nodules are sometimes present i n t h i s shale immediately above the 
marine band and i n Sedling Burn ( P l . IV, k2) they are common even where 
there i s a r i c h fauna; at t h i s l o c a l i t y the nodules a t t a i n a maximum size 
of 6 inches long. Above the f o s s i l i f e r o u s shale a sandy character usually 
becomes obvious but i f i t does not, as i n Swinhope Borehole Number 3 ( P l . 
IV, 55), a scattered fauna can generally be detected. Normally, however, 
the shale does become sandy and, l i k e t h a t beneath the High aind Low Coal 
S i l l s , grades upwards i n t o the White Hazle. I n i t s upper part i t f r e -
quently contains a considerable aunount of comminuted plant debris. 
I n Parson Byers Quarry the marine band mentioned above i s c l e a r l y 
exposed a t the west end of the quairry face where i t i s 1 f o o t 6 inches 
t h i c k amd r i c h l y f o s s i l i f e r o u s . Traced eastwards along the top of the 
quarry i t passes l a t e r a l l y w i t h i n 200 yards i n t o a 6 f e e t t h i c k f i n e to 
medium grained sandstone which contains shaly bamds and comminuted plant 
debris but i s only very sparsely f o s s i l i f e r o u s at the top. The marine 
band must behave i n a s i m i l a r manner i n the Swinhope area since i n bore-
holes 1 and 3 ( P l . IV, 53 and 55) i t i s present whereas i n boreholes 2 
and k ( P l , IV, 54 and 56) there i s a t h i c k u n f o s s i l i f e r o u s sandstone at 
a s i m i l a r horizon. A sandstone i n a s i m i l a r p o s i t i o n has been foxmd at 
a niunber of other l o c a l i t i e s where there i s no d i r e c t connection between 
i t amd the maiine band. This sandstone sometimes contains no fauna but 
i n other cases i t can be p a r t i a l l y f o s s i l i f e r o u s , as f o r example, i n Well-
heads Hush ( P l . IV, 48), two miles west-north-west of Wearhead, where at 
the base i t i s very r i c h i n O r t h o t e t i d s and c r i n o i d ossicles. I n S c r a i t h 
Burn ( P l . IV, 50) i t i s very cross-bedded at the base and r e s t s d i r e c t l y 
on the High Coal S i l l coal; nowhere else has such marked cross-bedding 
been seen i n t h i s sandstone unless, as seems l i k e l y , the lower part of 
the t h i c k sandstone immediately above the High Coal S i l l coal i n B l a g i l l 
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Burn ( P I . IV, 60) i s i t s r epresentative. I n both cases there may have 
been some erosion at the ssindstone base. 
Dun F e l l Borehole Number 5 record ( P l . IV, 6 ? ) shows a 6 feet t h i c k 
sandstone immediately above the High Coal S i l l coal which could represent 
t h i s horizon. However, t h i s record must be regeirded w i t h some suspicion 
since n e i t h e r the adjacent Number 4 borehole ( P I . IV, 66) or the Dun 
F e l l Hush sec t i o n ( P l . IV, 65) reveal such a sandstone. 
At a maximum the sandstone l i e s 10 f e e t above the High Coal S i l l 
coal w h i l s t a t a minimum i t r e s t s d i r e c t l y on the coal. Normally, i t 
v a r i e s between 2 and 12 f e e t t h i c k but on average i t i s around 6 f e e t 
t h i c k . I n T h o r n g i l l West Mine ( P l . IV, 62) and B l a g i l l Mine ( P l . IV, 
61) the probable representative i s 25 f e e t t h i c k , however. I t s l e n t i c u -
l a r i t y i s obvious since i t i s absent i n many sections. I n the Bollihope 
V a l l e y ( P i . IV, 19, 21 and 2 2 ) , south-west of F r o s t e r l e y , where the White 
Hazle i s apparently very t h i c k , i t i s possible t h a t t h i s sandstone coal-
esces w i t h i t and i s thus not recognisable as a separate u n i t ; t h i s may 
also be the case i n the four sections mentioned previously i n which the 
so-called White Hazle l i e s immediately on the High Coal S i l l coal. 
The l a t e r a l passage of the marine band i n t o a sandstone holds the 
key t o the c o r r e l a t i o n between the sequence of the type area and Teesdale, 
I n the l a t t e r area a prominent and p e r s i s t e n t f o s s i l i f e r o u s sandstone 
appears t o be the l a t e r a l r epresentative. I t i s t h i s ssindstone which i s 
f r e q u e n t l y r e f e r r e d to as the High Coal S i l l i n Teesdale, the actual High 
Coal S i l l then being c a l l e d the Lov; Coal S i l l . I n t h i s region i n Rowan-
t r e e g i l l Sike ( P l . IV, 3 6 ) , h a l f a mile east of Pike L a v i r , the sandstone 
l i e s approximately 1? f e e t above the High Coal S i l l coal w h i l s t less 
than one mile t o the south-west, i n the Pike Law Hushes ( P l . IV, 3 7 ) , 
i t r e s t s d i r e c t l y on the seam. Throughout Teesdale i t normally varies ' 
i n p o s i t i o n between the above two extremes although i n Skears Great Rise 
( P l . IV, 27) the possible representative l i e s 20 f e e t above the High 
Coal S i l l . I t comprises part of the t h i c k "channel" sandstone of Hude-
shope but cannot be c e r t a i n l y d e l i m i t e d i n most cases. 
The sandstone u s u a l l y v a r i e s i n thickness between 3 and 2k f e e t but 
i n the upper part of Hudeshope Beck ( P l . IV, 25) the possi*ble represen-
t a t i v e i s only 1 f o o t t h i c k . However, on average i t has a thickness of 
about 12 f e e t and can be traced throughout Teesdale. 
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Normally, i t i s a f i n e to medium grained sandstone but i n the upper 
p a r t there i s o f t e n an admixture of milky quartz grains w i t h a diameter 
of up to approximately 6 mm. Between Harthope Beck ( P I . IV, 39) and 
Rowantreegill Sike ( P I . IV, 36) a layer w i t h plant r o o t l e t s i n s i t u has 
been noted close to the base of the sandstone but i t i s not o f t e n devel-
oped. Where present i t i s u s u a l l y o v e r l a i n by shaily sandstone which grades 
up i n t o the normal l i t h o l o g y . The semdstone w i t h plants could be consid-
ered as a separate horizon but i t s intimate association w i t h the o v e r l y i n g 
sandstone suggests t h a t i t i s a l e n t i c u l a r component of i t . 
The whole of the sandstone may be f o s s i l i f e r o u s but the r i c h e s t fauna 
i s contained i n the upper 2 to 3 f e e t . The fauna p e r s i s t s even though a 
high p r o p o r t i o n of large qusirtz grains g i v i n g r i s e to a g r i t - l i k e texture 
may be present i n the sandstone, as i n the upper 6 inches of i t i n Eed-
g i l l Sike ( P I . IV, 3 8 ) , one mile north-east of Langdon Beck. Limonite 
i s also a common cons t i t u e n t of the sandstone where f o s s i l s are abundant 
and i t i s probably a replacement product of the o r i g i n s i l s h e l l m a t e r i a l 
of the f o s s i l s since most are preserved as casts. Crinoid ossicles and 
brachiopods dominate the fauna but gastropods, lamellibranchs and one f i s h 
crushing t o o t h have also been found. I n d i c a t i o n s of current a c t i v i t y are 
present i n the form of fragmented s h e l l s and the occasional concentration 
of the f o s s i l s i n t o pockets; a l l the s h e l l s are not fragmented, however, 
some being p e r f e c t l y whole. A smaill simount of plaint debris and occasional 
shale fragments occur amongst the f o s s i l s i n some cases. Occasionally no 
fauna at a l l has been detected i n the sandstone which i s considered to be 
equivalent to the f o s s i l i f e r o u s one, but there i s generally some plant 
m a t e r i a l present. 
One problematical s t r u c t u r e has been discovered w i t h i n t h i s sand-
stone but i t has not been found exactly i n s i t u . I t occurs i n a large 
block which i s j u s t detached from the outcrops i n E t t e r s g i l l Sike, two 
miles east of Langdon Beck. There aire a number of specimens spread about 
on a s i n g l e bedding plane ( F i g . 28a), one being crossed by a segmented 
"ainnelid t r a c k " . I n general form the st r u c t u r e s are saucer-shaped w i t h 
a maximum diameter of 6 inches smd a depth of 2 inches; superimposed on 
t h i s shape are a r a d i a t i n g series of prominent grooves (Fig. 2 8 b ) . Assoc-
i a t e d w i t h the whole of the s t r u c t u r e i s a t h i n f i l m of micaceous carbon-
aceous m a t e r i a l . Thus i t might be suggested that they aire the impress-
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F i g . 28a , Problematical structures i n the sandstone lying between 
the High Coal S i l l coal and the White Hazle, E t t e r s g i l l 
Sike, Teesdale. 
F i g . 28b. Close-up view of some of the above structures, 
ions of some form of s t e l l a t e plsint h i t h e r t o unrecorded. S i m i l a r s t r u c -
t ures have been c o l l e c t e d by Mr. J. Robson from the Harthope Canister 
Quarries which are worked i n the Coalcleugh Transgression Beds, two and 
a h a l f miles north of Langdon Beck, 
Shale u s u a l l y intervenes between the sandstone £ind the High Coal 
S i l l c o a l ; normally i t appears to be somewhat sandy but occasionally a 
sparse fauna has been detected i n i t . I n B r o p e r y g i l l Sike ( P l . IV, 35 )» 
near Rowantreegill Sike, a 9 inches t h i c k l e n t i c u l a r f o s s i l i f e r o u s seind-
stone c o n t a i n i n g s h e l l fragments eind c r i n o i d ossicles l i e s d i r e c t l y on 
the High Coal S i l l coal, w h i l s t the main f o s s i l i f e r o u s seindstone, which 
i s separated from i t by shale, l i e s 12 f e e t above. 
The beds above the f o s s i l i f e r o u s sandstone are composed of shale amd 
sandy shale, the l a t t e r grading up i n t o the White Hazle. Some ironstone 
nodiiles have been recorded i n the lower part of the shale. 
The White Hazle.- This ssindstone has been v a r i o u s l y named the L i t t l e 
Hazle, White S i l l and White Hazle. The term White S i l l , however, has 
p r i o r i t y f o r a sandstone which l i e s some way above the L i t t l e Limestone 
(Dunham, 19^8^ p . 3 1 ) . I t i s proposed to continue the usage of the term 
White Hazle i n preference to L i t t l e Hazle as t h i s w i l l avoid confusion 
since many authors have adopted the former term (Forster, Nail's r e v i s i o n , 
1883, p.57; Dunham, op. c i t , p.2 7 ) . 
Hazle i s a term p e c u l i a r to the North of Englsind meauiing, according 
t o F orster (op. c i t . , p.55) , sandstone, harder than freestone, but s o f t e r 
than g i r d l e bed; f u r t h e r c l a r i f i c a t i o n of i t s meaning i s found i n A r k e l l 
and Tomkeieff (1953) where i t i s defined as a f i n e grained seuidstone. At 
outcrop the seindstone i s never white but i t could be so i n mine sections 
where i t i s un-weathered. There i s also no s t r i c t conformity w i t h the 
d e f i n i t i o n of hazle given above. Thus, White Hazle i s a s t r a t i g r a p h i c a l 
term which has no s t r i c t l i t h o l o g i c a l s i g n i f i c a n c e . I t probably o r i g i n -
ated i n a mine or a niunber of mines where i t does accurately describe the 
l i t h o l o g y . 
I n the f i e l d i t has been found possible to divide the White Hazle 
i n t o two d i s t i n c t components which are fr e q u e n t l y separated by a very t h i n 
c o a l . Only i n rare cases has t h i s d i v i s i o n been reported i n the sub-
surface dat^., however. The upper component w i l l be described f i r s t since 
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i t must be excluded from the main consideration as i t i s not a member of 
the Great Cyclothem. The d i v i s i o n s are characterized as f o l l o w s : 
( i ) Upper White Hazle; The maximum thickness of t h i s part of the 
sandstone was recorded i n Green Sike ( P l . IV, 3^), at the head of West-
ernhope Burn, where i t i s 11 f e e t t h i c k . Normally, however, i t i s much 
th i n n e r than t h i s and i n some cases cannot be d i f f e r e n t i a t e d from the 
o v e r l y i n g L i t t l e Limestone i n t o which i t grades. I f ho sandstone i s 
recognisable the lower few inches of the L i t t l e Limestone i n v a r i a b l y 
prove to be very sandy, however. Thus, the sandstone varies from n i l to 
11 f e e t t h i c k w i t h the normal thickness l y i n g below 5 f e e t . The t h i c k -
est development of i t occurs where the underlying component of the White 
Hazle i s also t h i c k . 
Usually, i t i s an i l l - s o r t e d f i n e t o medium grained sandstone which 
also contciins a coarse grsiined f r a c t i o n ; at the top i t becomes calcareous 
and grades r a p i d l y i n t o the L i t t l e Limestone. Often i t i s f o s s i l i f e r o u s , 
the fauna being dominated by Orthotetids and c r i n o i d ossicles; fragments 
of s h e l l m a t e r i a l are also common. The lower part of the sandstone f r e -
quently contains scattered coal fragments which have obviously been derived 
from the underlying coal. Even where the coal i s absent as a seam below 
i t , fragments of coal are found i n the sandstone; t h i s might be taken to 
i n d i c a t e the former presence of the coal a t l e a s t close by even i f not 
immediately below. I f no coeil i s developed between the upper and lower 
parts of the sandstone they may be welded together, presumably due to 
authigenic a c t i v i t y ; t h i s i s a rare f e a t u r e , however. 
Very occasionally the ssindstone i s represented i n psirt by shaly beds, 
as f o r example, i n A s h g i l l Beck (EL. IV, 5 2 ) , one and a h a l f miles south-
east of Burnhope Seat, where the basal part of the representative i s 
composed of interbedded sandstone and s l i g h t l y sandy shale. Where the 
sandstone i s represented i n the north-west part of the block i t s base i s 
also shaly ( P l . IV, 75 and 7 6 ) . 
This component of the sandstone i s a c t u a l l y the basal member (Member 
( i ) of Johnson's (1959, p.89) i d e a l cyclothem) of the overl y i n g L i t t l e 
Cyclothem. I t i s the i n i t i a l deposit which was formed p r i o r to the 
major marine episode of the cyclothem during which the L i t t l e Limestone 
was I s i i d down. 
I n underground exposures the sandstone i s s i m i l a r i n appeeorance to 
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the L i t t l e Limestone and i t seems potBsible t h a t i t has been included w i t h 
the l a t t e r i n some sub-surface sections. Support f o r t h i s suggestion i s 
found i n the Sedling area, n o r t h of Wearhead, where a 2 f e e t t h i c k f o s s i l -
i f erous sandstone, which i s d i s t i n g u i s h a b l e at the surface, was not recor-
ded as a separate u n i t i n the Sedling Mine section ( P I , IV, ^3), le s s 
than 150 yards from the nearest exposure. However, i n Burtree Pasture 
Engine Shaft ( P l . IV, 4 ^ ) , approximately ^ 0 yards north of the nearest 
exposure, the sandstone was recorded. I n order th a t the numerous under-
groixnd sections may be made use of i n the f o l l o w i n g consideration i t i s 
necessary t o assume t h a t the samdstone has been included w i t h the L i t t l e 
Limestone. This may not be correct i n every case but i t w i l l make l i t t l e 
d i f f e r e n c e to the basic conclusions since the f o s s i l i f e r o u s sandstone i s 
u s u a l l y t h i n . 
( i i ) Lower White Hazle; This seindstone i s extensively developed aind 
i t e x h i b i t s a considerable amount of v a r i a t i o n i n i t s character. However, 
the v a r i a t i o n i s not such t h a t i t w i l l require d i v i s i o n of the Block i n t o 
separate areas f o r a consideration of i t t o be made. The p o s i t i o n of i t s 
base i n r e l a t i o n to the High Coal S i l l coal has adready been defined. 
I t i s at i t s t h i c k e s t w i t h i n the confines of the "channel" whose 
boundaries are shown on Plate I I I , On the margins of the "cheinnel" i n 
the Bollihope v a l l e y ( P l , IV, 19, 21 and 2 2 ) , the headwaters of Western-
hope Burn ( P l , IV, 33 and 3 ^ ) , Cornish Hush A i r Shaft ( F i , IV, 23) and 
Hudeshope Beck ( P l , IV, 25) i t can usually be recognised as a separate 
u n i t above the High Coal S i l l , However, i n the centre of the "chamnel" 
i t i s combined w i t h the sandstones from which i t i s normally separated 
t o form one t h i c k composite u n i t ; t h i s i s w e l l i l l u s t r a t e d i n the sections 
from Harehope G i l l Mine ( P l , IV, 1 9 ) , Skears Mine Vein Fi ( P l . IV, 28) 
and Skears Mine Vein D* ( P l . IV, 2 9 ) . There must, therefore, have been 
v i r t u a l l y continuous deposition of sand at the centre of the "channel" 
during most of Coal S i l l s Group times; at the margins more normal 
conditi o n s p r e v a i l e d but there must have been excessive subsidence during 
the period i n which the White Hazle was l a i d down f o r such a thickness 
of sand to accumulate. The "channel" has thus been delimited i n order 
t o embrace the extensive area i n which the separate White Hazle i s ftickly 
developed as w e l l as the confined s t r i p i n which the composite sandstone 
was formed during and before White Hazle times. The sequence of events 
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which l e d t o the formation of the t h i c k White Hazle appears to have been 
as f o l l o w s : -
(a) The development of a r e s t r i c t e d contemporaneous 
"channel" from a t l e a s t High Coal S i l l times onwards. 
I n the "chsmnel" i t appears th a t v i r t u a l l y continuous 
deposition of sand took place. The "channel" does not 
have sharp margins, however, and i t s deposits i n t e r -
d i g i t a t e w i t h the sediments at the edges. 
(b) I n White Hazle times the "chainnel" deposits 
spread over an extensive eirea between Weardale and 
Teesdale as shown on Plate I I I . However, there was no 
extensive spread from the "channel" i n Teesdale on the 
west side of Hudeshope Beck. At the north-west extrem-
i t y of t h i c k White Hazle development there i s a f i n g e r -
l i k e extension i n t o the headwaters of V/esternhope Burn. , 
The sandstone i s probably t h i c k e s t where i t i s a sep-
arate u n i t r a t h e r than where i t forms psirt of the 
composite ssindstone at the centre of the "chsmnel". 
This so-called "channel" which embraces the t h i c k White 
Hazle does not have sharp d i s t i n c t margins; as i n f e r r e d 
above, the edges have been f i x e d q u i t e a o - b i t r a r i l y so 
as t o enclose sin area i n which the sandstone exceeds 
35 f e e t t h i c k . Outside the -"channel's" confines there 
i s a gradual decrease of the White Hazle to the more 
normal thickness. 
The maximum thickness of the White Hazle w i t h i n the "channel" was 
found i n Wager Burn ( P l . IV, 2 1 ) , Bollihope Burn, where there i s 62 f e e t 
of ssuidstone at t h i s horizon; other sections reveal a simileur thickness, 
f o r example. West Grain ( P l . IV, 33) i Westernhope Burn. However, there 
i s a p o s s i b i l i t y t h a t t h i c k e n i n g has sometimes taken place by coalescence 
w i t h the sandstone which i s the l a t e r a l representative of the marine band 
mentioned prev i o u s l y . I f t h i s i s so i t i s impossible to separate the two 
and t h e i r j o i n t thickness i s reported as White Hazle; i t must be remem-
bered, however, th a t the basal par t may represent the lower sandstone. 
As already pointed out, the "channel" has been de l i m i t e d a r b i t r a r i l y so 
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as to enclose an area i n which the White Hazle exceeds 35 feet t h i c k . 
Outside i t s confines the sandstone varies between n i l and 35 feet t h i c k , 
except i n two r e s t r i c t e d areas where the maximum i s apparently exceeded 
(see l a t e r ) . The only p a t t e r n d i s c e r n i b l e i n the v a r i a t i o n i s an o v e r a l l 
decrease i n thickness away from the "channel" which i s more rapid i n some 
places than others. Thicknesses i n excess of 20 f e e t are generally found 
close t o the "channel" w h i l s t i n the r e s t of the area the sandstone 
u s u a l l y has a thickness of between 5 and 15 f e e t . However, there may be 
l o c a l and r a p i d increases such as that which taikes place between Dun F e l l 
Boreholes 4 and 5 IV, 66 and 6 ? ) ; i n borehole k the sandstone i s 
only 9 f e e t t h i c k , whereas i n borehole 5 i t has increased to 20 f e e t 
t h i c k . The sandstone i s also absent at a number of l o c a l i t i e s or else 
i s only a f o o t or so t h i c k ; where sandstone proper i s not developed i t 
i s u s u a l l y represented by shaly sandstone or sandy shale, as i n Sedling 
Burn ( P l . IV, 42). 
The two r e s t r i c t e d areas i n which the sandstone i s excessively t h i c k 
do not appear to have any connection w i t h a "channel". I n B l a g i l l Burn 
( P l , IV, 60) there i s k2 f e e t of continuous sandstone between the High 
Coal S i l l coal and the base of the L i t t l e Limestone, The lower part of 
the sandstone i s markedly cross-bedded and could, i n p a r t , represent the 
sandstone which passes l a t e r a l l y i n t o the marine band; t h i s would mean 
t h a t the White Hazle had coalesced w i t h the sandstone from which i t i s 
normally separated. On the other hand, the observed features could be 
explained by the down-cutting of a l o c a l erosion hollow from the base of 
the White Hazle which was subsequently i n f i l l e d by cross-bedded sandstone. 
The erosion hollow would only be of l o c a l extent, however, since s i m i l a r 
c o n d i t i o n s have not been found elsewhere. The f i r s t suggestion invoking 
coalescence w i t h the sandstone below seems most l i k e l y since no evidence 
of' erosion at the White Hazle base has been found elsewhere. Support f o r 
t h i s f i r s t suggestion can be found i n S c r a i t h Burn ( P l . IV, 50) where a 
separate d i s t i n c t l y cross-bedded sandstone representing the marine band 
immediately o v e r l i e s the High Coal S i l l coal; replacement by sandstone 
of the sandy shale which normally separates i t from the White Hazle would 
give r i s e t o the conditions found i n B l a g i l l Burn. I n f a c t , the sections 
from B l a g i l l Mine ( P l . IV, 6 l ) , to the east of the burn, and T h o r n g i l l 
West Mine ( P l . IV, 6 2 ) , to the west, do bear t h i s hypothesis out since 
- 108 -
a prominent shale was recorded i n the middle of the samdstone i n each 
mine. The a c t u a l White Hazle i s thus only represented by the upper part 
of the sandstone i n B l a g i l l Bum, w h i l s t i n the mine sections i t i s a 
d i s t i n c t u n i t 3 f e e t and 7 f e e t t h i c k r e s p e c t i v e l y . I t i s possible that 
a s i m i l a r s t a t e of a f f a i r s e x i s t s at the other three separate l o c a l i t i e s 
( P l . IV, 9» 57 and 59) where there i s continuous seindstone between the 
High Coal S i l l coal and the L i t t l e Limestone base; i n none of the sections 
i s the sandstone as t h i c k as i n B l a g i l l Burn, however. Even so i t i s quite 
t h i c k i n the region of the Derwent Mines where 2k f e e t was recorded i n 
J e f f r i e s Engine Shaft ( P l . IV, 9 ) . ' This thickness i s less than t h a t found 
i n Jemmy's Shaft ( P l . IV, 8 ) , the other l o c a l i t y outside the "channel" at 
which the sandstone i s over 35 f e e t t h i c k . At t h i s l a t t e r l o c a l i t y there 
i s 37 f e e t of sandstone developed i n s p i t e of the base being 8 f e e t above 
the High Coal S i l l c o a l . However, i t has already been shown that the 
ssindstone which i s the l a t e r a l representative of the marine bsmd has a 
v a r i a b l e p o s i t i o n above the High Coal S i l l coal; t h e r e f ore, i t could s t i l l 
form the lower part of the t h i c k sandstone recorded i n Jenmy's Shaft, 
Normally, the sandstone grades up from the underlying sandy shale sind 
nowhere has i t been observed t o have a markedly erosive bsise. There may 
be l o c a l scours at the base but they are of no great magnitude. I t seems 
very probable t h a t sandstone develops at the expense of the underlying 
shsile w i t h the u l t i m a t e being reached where there i s coalescence vdth the 
sandstone below as described above. I n i t s lower part the sandstone f s 
f i n e grained and usueilly i t contains shaly bands; upwards the f i n e grsiined 
l i t h o l o g y grades i n t o a medium grained one. Where i t i s t h i c k there are 
sometimes lenses of coarse grained materisO. interbedded, w h i l s t i n Middle 
Grove Hush, h a l f a mile north-north-east of Cowhorse H i l l , almost the 
whole of the 2h f e e t t h i c k sandstone i s cosirse grained; the l a t t e r i s a 
very abnormal occurrence, however. I t has eilready been mentioned that i n 
a number of cases the whole of the ssindstone i s represented l a t e r s i l l y by 
shaly sandstone or sandy shale; the l a t t e r may contain ironstone nodules, 
as i n Sedling Burn, At other l o c a l i t i e s , even where the ssuidstone i s 
q u i t e t h i c k , i t s upper par t may be d i s t i n c t l y shaly. Normally, the sand-
stone has a massive character which i s more marked than that found i n 
both the High and Low Coal S i l l s , Obviously i t loses t h i s character 
where a shaly nature becomes appsirent and i t i s quite s o f t and f r i a b l e , 
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Apart from the coal which o v e r l i e s t h i s part of the White Hazle, 
coal has been found w i t h i n the sandstone at two separate l o c a i l i t i e s . 
I n West Beck ( P l , IV, 40), approximately one and a hailf miles north of 
Laingdon Beck, the seam i s 2 t o 3 inches t h i c k and l i e s 4 f e e t 6 inches 
above the sandstone base; i t has not been discovered elsewhere i n the 
v i c i n i t y , however. Two f e e t of f o s s i l i f e r o u s sandstone which contains 
c r i n o i d o s s i c l e s and O r t h o t e t i d s occurs above i t . At a similau: horizon, 
coal was also recorded i n two adjacent shafts of the Derwent Mines; 
however, i t was not found i n any of the other shafts i n the v i c i n i t y . 
I n Jemmy's Shaft ( P l , IV, 8) the seam was found to be 1 f o o t t h i c k w h i l s t 
i n Whiteheaps Shaft ( P l . IV, 6) i t was 1 f o o t 6 inches t h i c k ; no d e t a i l s 
of the surrounding sandstone are known. The very l o c a l extent of the 
seam i s i l l u s t r a t e d by the f a c t t h a t i t has not been discovered else-
where; accumulation of peat during t h i s period must, therefore, have been 
very r e s t r i c t e d . However, there are other places where plaint r o o t l e t s 
i n s i t u do occur at t h i s horizon. They are o f t e n , but not i n v a r i a b l y 
found i n the middle of the t h i c k "channel" sandstone v;hich i s exposed i n 
the streams f l o w i n g i n t o Bollihope Burn ( P l . IV, 19, 21 and 22). I n 
these sections the sandstone w i t h p l a n t r o o t l e t s i s generally o v e r l a i n 
by up to 12 f e e t of f o s s i l i f e r o u s sandstone which contains O r t h o t e t i d s , 
c r i n o i d o s s i c l e s and bryozoans; intermixed w i t h the f o s s i l s there i s 
sometimes a l i t t l e p l a n t debris and occasional coal fragments. Within 
the f o s s i l i f e r o u s sandstone of Howden Burn ( P l . IV, 22), Bollihope, a 
number of r i c h l y l i m o n i t i c f o s s i l i f e r o u s pockets w i t h a diameter of up 
to 1 f o o t were discovered. I t seems possible t h a t they are the v/eathered 
remaiins of b u l l i o n s which o r i g i n a l l y had an i r o n - r i c h calcaireous cement. 
The i n t i m a t e r e l a t i o n s h i p of "sandstone w i t h plant r o o t l e t s " and " f o s s i l -
i f erous sandstone" appears to be r e s t r i c t e d to the t h i c k "channel" deposit, 
Also confined to the "channel" i s the f o s s i l i f e r o u s nature of the sand-
stone, except f o r the i s o l a t e d occurrence i n West Beck. Therefore, i t 
seems possible that the subsidence which allowed the accumulation of such 
a thickness of sandstone also c o n t r o l l e d the encroachment of marine 
conditions i n t o the r e s t r i c t e d area. Plant r o o t l e t s have been found 
w i t h i n the sandstone at other l o c a l i t i e s but they are never common. 
The presence of f o s s i l s w i t h i n the t h i c k "channel" sandstone could 
be taken to support the suggestion that the lower part of i t represents 
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the sandstone which passes l a t e r a l l y i n t o the marine band of Cow Burn, 
I f i t does, a maximum of kO f e e t must be so designated. However, i t i s 
impossible t o asc e r t a i n the tr u e r e l a t i o n s h i p s since no absolutely diag-
n o s t i c c h a r a c t e r i s t i c s can be recognised. 
Comminuted plant debris i s common i n the lower psirt of the sand-
stone. Also reasonably common i n t h i s part are so-called "sinnelid tracks", 
Shale fragments are found i n the lower few fee t too. The c h a r a c t e r i s t i c 
curly-bedding caused by i n t e r f e r i n g r i p p l e s i s best developed i n the basal 
p a r t of the sandstone but i t can ususilly be recognized to some extent 
throughout. Cross-bedding i s the most obvious sedimentary s t r u c t u r e and 
i t can o f t e n be recognised throughout the sandstone, but usually i t i s 
weak or absent i n the upper p a r t . I t i s most marked w i t h i n the t h i c k e s t 
developments of the ssindstone but i n d i v i d u a l u n i t s are generally not 
la r g e (around 1 to 2 f e e t t h i c k ) and i t has not proved possible to trace 
them over any great distance l a t e r a l l y . 
Almost i n v a r i a b l y , the upper p a r t of the sandstone contains abundsmt 
plemt r o o t l e t s i n s i t u smd occasional associated Stigmaria, the r o o t l e t s 
being present even when the o v e r l y i n g cosil seam i s not developed. Plant 
remeiins are j u s t as common i n the shaly l a t e r s i l representative of the 
sandstone. 
The coal seam which o v e r l i e s t h i s part of the White Hazle i s not a 
p e r s i s t e n t horizon but i t has been found at severs! l o c s i l i t i e s . I t seems 
very probable t h a t i t had a more widespread d i s t r i b u t i o n originsQ-ly 
because fragments of coal are often found i n the o v e r l y i n g sandstone at 
l o c a l i t i e s where the seam i s now absent; there thus appears to have been 
some erosion of the seam f o l l o w i n g i t s formation. The presence of coal 
fragments i n the o v e r l y i n g sandstone would also appear to i n d i c a t e t h a t 
the peat from which the seam was formed had at l e a s t become l i g n i f i e d 
before erosion, since peat i t s e l f would probably have become comminuted 
upon erosion. The maximum thickness of the seam on the Block i s a t t a i n e d 
i n the Hartleyburn Shaft borehole, i n the north-west part of the Block, 
where i t i s 2 f e e t 2 inches t h i c k . This thickness i s abnormally high f o r 
the Alston Block, and i t i s more cl o s e l y r e l a t e d to that a t t a i n e d i n the 
Northumbrian Trough, which i s not s u r p r i s i n g since the borehole was only 
d r i l l e d some 100 yards t o the south of the S t u b l i c k F a u l t , one mile west-
south-west of Coanwood, The greatest thickness of the seam found else-
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where on the Block was recorded i n the Derwent Mines ( P l . IV, 5 and 8) 
where a thickness of 1 f o o t i s a t t a i n e d ; however, even though the coal 
i s so t h i c k i n t h i s region i t i s not a pe r s i s t e n t horizon. Normally, 
the seam i s l e s s than 3 inches t h i c k and i s often as t h i n as 1 inch or 
l e s s , even i n the north-west part of the Block. O v e r a l l , i t i s l e a s t 
p e r s i s t e n t t o the south i n Teesdale; i n the north-west paurt of the Block 
i t appears to be a more r e l i a b l e horizon amd i s the seam which should 
s t r i c t l y be named the L i t t l e Limestone Coal, L i t h o l o g i c a l l y , i t i s 
s i m i l a r to the other coals i n the Group, That i s to say, i t i s b r i g h t 
and b r i t t l e but may become shaly i n places; the semi-anthracitic nature 
i s also developed. 
THE ASKRIGG BLOCK AND COTHEESTONE (STAINMORE) SYNCLINE 
I n t r o d u c t i o n 
I n t h i s r e g i o n , which forms the southern part of the Northumbriem 
Fault-Block, a c h a r a c t e r i s t i c Coal S i l l s Group succession similair t o that 
of the Alston Block i s not r e a d i l y apparent since coals are only i n f r e -
quently developed and the sandstones are apparently much more l e n t i c u l a r . 
I n a d d i t i o n , a prominent chert development, the Main Chert, enters the 
lower p a r t o f the sequence i n the northern par t of the region and even-
t u a l l y forms the complete succession between the Main and L i t t l e Lime-
stones f a r t h e r south, A f u r t h e r f a c t o r of importance i s the r e l a t i v e 
abundamce of t h i n l e n t i c u l a i r marine horizons i n the succession as compau:ed 
w i t h the number found i n the region f a r t h e r n o r t h . Despite the obvious 
d i f f e r e n c e s from the sequence on the Alston Block, the arenaceous beds 
have repeatedly been r e f e r r e d t o as Coal S i l l s by a number of authors, 
i n c l u d i n g Dakyns et al . ( l 8 9 0 and I 8 9 I ) , and the complete sequence above 
the Main Chert i n the Cotherstone Syncline has been named the Coal S i l l s 
Group (Reading, 195^ and 1957).^ Therefore, i t i s intended to r e t a i n these 
terras f o r t h i s region despite the r e l a t i v e paucity of coeils. The success-
i o n i s then conveniently d i v i s i b l e i n t o two parts w i t h the Main Chert at 
the base o v e r l a i n by and passing l a t e r a l l y i n t o the Coal S i l l s Group, 
the two combined forming the upper part of the Great (=Main) Cyclothem. 
The generalized s t r a t i g r a p h y f o r the region i s i l l u s t r a t e d on the two sections 
given i n F i g . 29, 
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F i g , 29. Generalized sections of the Great Cyclothem sequence above 
the basal limestone on the Askrigg Block smd i n the Coth-
erstone Syncline. Legend as F i g . 19. 
(a) North, north-west and west of region. 
(b) South, south-east and east of region. 
Thickness V a r i a t i o n 
Of p a r t i c u l s i r importance i s the r e g i o n a l v a r i a t i o n i n thickness 
of the beds, i l l u s t r a t e d on Plate I I I , The isopachytes are based on 
thicknesses given by Wells (1955a and 1955b), Reading (195^ and 1957), 
Rowell and Scanlon (1957a, modified by k i n d personal communications 
from Dr. Rowell), Wilson (1957 and 196O) and Hicks (1958). 
A feature which has helped i n the i n t e r p r e t a t i o n of measured sec-
t i o n s over p a r t of the region i s the "pipe bed" which i s developed at 
the top of the L i t t l e Limestone. This "pipe bed" was o r i g i n a l l y d i s -
covered by Rowell (1953) and has subsequently been reported t o occur over 
a l a r g e p a r t of the Askrigg Block by Wells (1955a and 1957) , Rowell and 
Scanlon ( 1 9 5 7 a ) , Hicks (1958) and Wilson (1957 and 196O). I t i s charac-
t e r i z e d by cherty tubes, probably i n f i l l e d annelid borings, which descend 
i n t o the limestone from a t h i n o v e r l y i n g s i l i c e o u s bed. Recognition of 
the L i t t l e Limestone "pipe bed" has, i n p a r t i c u l a r , enabled the Main 
Chert and the o v e r l y i n g Richmond Chert Series t o be d i f f e r e n t i a t e d i n the 
region t o the n o r t h of Swaledale and east of Arkengarthdale where the two 
are of s i m i l a r l i t h o l o g y ( s i l i c e o u s p l a t y limestone) and no Coal S i l l s 
Group sediments separate the Main Chert from the L i t t l e Limestone, 
As on the Alston Block, the isopachytes are i d e a l i z e d to some extent, 
but, nevertheless, they i n d i c a t e the o v e r a l l regionsil p a t t e r n . I n the 
r e g i o n due south-of the Moor Cock Inn basic i n f o r m a t i o n i s very scsmty 
and the p o s i t i o n of the isopachytes below 25 f e e t i s uncertain. However, 
they must tre n d i n an approximate south-west d i r e c t i o n since i t i s reason-
ably c e r t a i n t h a t the Msiin and L i t t l e Limestones have coalesced on Dodd 
F e l l H i l l and Ingleborough, whereas f a r t h e r west near Widdale Great Tarn 
and a t the n o r t h end of Whernside, Coal S i l l s Group sediments separate 
the two limestones. Consequently, the isopachytes f o r thicknesses below 
25 f e e t are only t e n t a t i v e l y shown on Plate I I I . Three important features 
regarding the thickness v a r i a t i o n i n t h i s region are apparent, as follows:-
( i ) The Cotherstone Syncline, centred upon Barnard Castle, 
acted as a basin of deposition r e l a t i v e t o the surrounding area, 
and i n i t sediments up to a t l e a s t 150 f e e t t h i c k were able t o 
accumulate during t h i s period. The western l i m i t of t h i s basin 
appears t o be aroimd the long-itude of Barras. I t i s impossible 
t o d e l i m i t the eastern msirgin because of lack of in f o r m a t i o n , 
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the beds to the east being completely covered by newer 
rocks. The basin of deposition occupies approximately 
the same p o s i t i o n as the present s t r u c t u r e i l syncline 
and i t s northern amd southern margins were probably 
c o n t r o l l e d by the then e x i s t i n g representatives of 
the present-day Lunedale - Butterknowle F a u l t System 
to the n o r t h and the Stainmore Summit - North Spanham -
South Spanham F a u l t System to the south, 
( i i ) The Dent F a u l t System, which forms the western 
margin of the Askrigg Block, i s probably the present-
day representative of a contemporaneous hinge-line 
which separated an area of t h i c k e r deposition t o the 
west (the Eavenstonedale Gulf) from the Block on the 
east w i t h i t s t h i n n e r sediments. However, even on the 
Block there i s a d i s t i n c t westward thickening of the 
sediments towards the Dent F a u l t s , a thickness of at 
l e a s t 150 f e e t being deposited during t h i s period 
adjacent t o the f a u l t system on the north-west side 
of Baugh F e l l ; t h i s t h i c k e n i n g towards the west can be 
explained by the western margin of the Block sagging i n 
sympathy w i t h the region of subsidence on the opposite 
side of the hing e - l i n e where there was probably even 
t h i c k e r sedimentation. Thus, the Dent Fault System i s 
s i m i l a r t o the S t u b l i c k Fault System, and possibly the 
Pennine Fa u l t System, i n t h a t i t separates a r e l a t i v e l y 
s t a b l e region w i t h t h i n n e r sediments from a region of 
subsidence w i t h t h i c k e r deposits. To what extent t h i s 
l a t t e r region acted as a trough of deposition during 
Coal S i l l s times i s uncertain due to lack of evidence, 
but there i s some i n d i c a t i o n i n the Hutton Roof area, 
near Kirkby Lonsdale (see l a t e r ) , t h a t i t was s i m i l a r 
t o the Northumbrian Trough, I f Eowell and Scanlon's 
(1957a) thicknesses (308 f e e t i n Mousegill Beck and 
222 f e e t i n the River Belah) f o r the region to the 
west of Barras are accepted, there would be evidence 
f o r a considerable trough. However, the i n t e r p r e t a t i o n 
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of the above poorly accessible and i n d i f f e r e n t l y exposed 
sections i s open to question since a student-mapping course 
from Durham, l e d by Professor K. C. Dunham and Dr. 6. A. L, 
Johnson, recorded smaller thicknesses of s t r a t a between the 
Great and L i t t l e Limestones, The thicknesses recorded, 
which are i n the region of 120 f e e t , could, however, 
i n d i c a t e some t h i c k e n i n g across the Dent F a u l t s , 
( i i i ) Traced southward and south-eastward across the 
Askrigg Block, there i s a gradual regi o n a l t h i n n i n g of 
these beds which form the upper par t of the cyclothem 
u n t i l they wedge out completely and allow the L i t t l e 
Limestone t o r e s t d i r e c t l y on the Main Limestone. The 
l i n e which i n d i c a t e s where the beds die out runs approx-
i m a t e l y east-west along Wensleydale from s l i g h t l y north 
of Leybum to Hawes, where i t swings t o rim south-westward 
( P l . I I I ) . I t s p o s i t i o n south-west of Hawes i s rather 
t e n t a t i v e but, as already mentioned, i t seems probable th a t 
the Main and L i t t l e Limestones have coalesced on Dodd F e l l 
H i l l and Ingleborough r e s p e c t i v e l y , and, therefore, the 
l i n e must run t o the west of these prominences. 
The p o s i t i o n of the l i n e east of Hawes i s somewhat 
d i f f e r e n t t o t h a t shown by Wells (1955a and 1955h) since 
f u r t h e r i n f o r m a t i o n presented by Wilson (1957 and 196O) 
warrants a r e - i n t e r p r e t a t i o n of the s i t u a t i o n . Wells 
p r e f e r r e d t o embrace the 9 f e e t of beds developed on 
Thoralby Common (HL. IV, 96) , south-west of Coimtersett, 
and the 2 f e e t 6 inches of sediment found on Wether F e l l 
( P l . IV, 95), due south of Hawes, w i t h i n the msdn area of 
dep o s i t i o n . However, because of the proximity of sections 
i n which the Main and L i t t l e Limestones have coalesced, i t 
seems t h a t a more reasonable i n t e r p r e t a t i o n would be that 
the two l o c a l i t i e s are s i t u a t e d w i t h i n small and separate 
"basins" of sediment south of the main area of deposition; 
they would then be s i m i l a r t o the i s o l a t e d occurrences of 
shale and chert discovered at t h i s horizon by Wilson (op. 
c i t ) a t Cover Scars ( P l . IV, 97) , one mile south of 
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Middleham, and i n H i n d l e t h w a i t e G i l l ( P l . I V , 9 8 ) , two 
m i l e s n o r t h - e a s t o f Woodale. Thus, as might be expected, 
i t would appear t h a t t h e r e were s m a l l and r e s t r i c t e d 
" b a s i n s " o f sediment developed t o the s o u t h o f the main 
a r e a o f d e p o s i t i o n ; f o u r have been d i s c o v e r e d so f a r and 
i t i s q u i t e p o s s i b l e t h a t more e x i s t . 
I t would be convenient t o expl e i i n the observed 
r e g i o n a l t h i n n i n g by an u n c o n f o r m i t y a t t h e base o f t h e 
L i t t l e Limestone w h i c h p r o g r e s s i v e l y t r a n s g r e s s e d towards 
t h e Main Limestone southwards u n t i l i n Wensleydale the 
two l i m e s t o n e s came i n t o c o n t a c t . W e l l s ( l 9 5 5 a and 1955b) 
c i t e d evidence from Wensleydale which i n d i c a t e d the 
presence o f such an u n c o n f o r m i t y b u t he a l s o s t a t e d t h a t 
" n o r t h o f Wensleydale t h e r e was no evidence i n amy one 
s e c t i o n f o r an e r o s i o n s u r f a c e beneath the L i t t l e , 
a l t h o u g h comparison o f a l l the s e c t i o n s made i t most 
p r o b a b l e t h a t one was p r e s e n t " . I f an u n c o n f o r m i t y o f 
such magnitude were p r e s e n t i t c o u l d r e a s o n a b l y be expected 
t o c o n t i n u e southward where i t would then account f o r the 
marked t h i n n i n g o f t h e Main Limestone noted by W i l s o n (1957 
and 1960) i n Coverdale. However, t h e t h i n n i n g o f the Main 
Limestone has a l r e a d y been shown n o t t o be due t o t h i s 
s i n c e sediments i n t e r v e n e between i t sind t h e L i t t l e Lime-
stone where the Main i s v i r t u a l l y a t i t s t h i n n e s t ; «d.so, 
where t h e M8d.n and L i t t l e Limestones are i n c o n t a c t t o t h e 
so u t h o f Wensleydale t h e r e i s no p e r c e p t i b l e bresik between 
them, t h e L i t t l e Limestone o n l y b e i n g d e f i n i t e l y r e c o g n i z a b l e 
where the " p i p e bed" i s developed a t the t o p o f i t . Thus, 
the presence o f a widespread u n c o n f o r m i t y t o e x p l a i n the 
r e g i o n a l t h i n n i n g o f the beds between the two l i m e s t o n e s 
seems u n l i k e l y . The f e a t u r e s n o t e d by W e l l s i n Wensleydale 
may i n d i c a t e a l o c a l and minor u n c o n f o r m i t y b u t , a l s o , they 
c o u l d q u i t e w e l l mark the n a t u r a l wedging out o f the beds 
between t h e Main and L i t t l e Limestones. 
I t seems most l i k e l y t h a t the r e g i o n a l t h i n n i n g and 
wedging out o f the beds i s due t o the s u p p l y o f m a t e r i a l 
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f r o m the n o r t h f a i l i n g t o the s o u t h and s o u t h - e a s t . As 
m i g h t be expected i n these circumstances, the s o u t h e r n 
l i m i t o f sandstone l i e s t o the n o r t h and north-v/est o f 
t h e extreme l i m i t o f d e p o s i t i o n , shale and c h e r t f o r m i n g 
t h e beds between the two l i m i t s . The o v e r a l l p i c t u r e must 
be s i m i l a r t o t h a t envisaged by Hind (1902) and l a t e r 
expanded by Johnson (196O) t o e x p l a i n the f o r m a t i o n o f 
t h e Yoredale sequence, s i n c e , i n s i mple terms, b o t h 
c o n s i d e r e d t h a t wedges o f sediment from t h e n o r t h had 
been pushed i n t o t h e massive l i m e s t o n e f a c i e s o f the 
s o u t h . Thus, t o t h e n o r t h , d u r i n g Coal S i l l s Group 
t i m e s , t h e i n f l u x o f sediment h a l t e d t h e f o r m a t i o n o f 
l i m e s t o n e , whereas t o t h e s o u t h , l i m e s t o n e d e p o s i t i o n 
was c o n t i n u o u s except where i t was h a l t e d by t h e f o r m -
a t i o n o f the s m a l l patches o f s h a l e and c h e r t which 
are f o i m d t o the s o u t h o f the msdn area o f sandstone, 
s h a l e and c h e r t d e p o s i t i o n . I n the above circumstances 
i t m i g h t be expected t h a t the Main Limestone would be 
t h i c k e r i n the s o u t h t h a n i n t h e n o r t h , s i n c e presiimably 
i t was f o r m i n g i n the s o u t h w h i l s t sediment was i n h i b i t i n g 
i t s a c c u m u l a t i o n t o t h e n o r t h . However, o v e r a l l i t i s 
n o t t h i c k e r i n the s o u t h , and i n p l a c e s i s much t h i n n e r . 
The much g r e a t e r l e n g t h o f time needed f o r the f o r m a t i o n 
o f an e q u i v a l e n t t h i c k n e s s o f l i m e s t o n e as compared w i t h 
t h e sediments would p a r t l y account f o r t h i s ; a l s o , i t 
has been shown t h a t the Main Limestone t h i n s t o t h e 
s o u t h a g a i n s t a l a t e u p l i f t which was developed a l o n g 
the l i n e o f t h e M i d d l e Craven F a u l t . T h i s u p l i f t c o u l d 
a l s o have c o n t r i b u t e d t o the wedging out o f the sediment 
s i n c e i t would t e n d t o h i n d e r t h e f r e e f l o w o f c u r r e n t s 
a c r o s s the r e g i o n and t h e r e f o r e cause "backing-up" o f 
sediment* 
S t r a t i g r a p h y 
A t i t s base, the sequence i s d e l i m i t e d by the t o p o f the Main 
(= G r e a t ) Limestone w h i l s t the t o p i s formed by the base o f t h e L i t t l e 
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Limestone, t h e l a t t e r a l s o b e i n g known as the Rey Cross Limestone on 
the s o u t h e r n l i m b o f the Cotherstone S y n c l i n e . 
Only a summary o f the s t r a t i g r a p h y o f the r e g i o n w i l l be g i v e n 
h e r e . F u r t h e r d e t a i l e d i n f o r m a t i o n can be found i n the works o f the 
v a r i o u s a u t h o r s from which t h i s account has m a i n l y been compiled; a l i s t 
o f these a u t h o r s and the p o s i t i o n s o f the areas covered by each o f them 
a r e g i v e n i n F i g , 2 . The success i o n i n t h i s r e g i o n i s c o n v e n i e n t l y 
d i v i s i b l e i n t o two p a r t s , as f o l l o w s : -
The Main Cher t , l y i n g i m m e d i a t e l y on o r a s h o r t d i s t a n c e above the 
Main Limestone over much o f the r e g i o n and p a s s i n g l a t e r a l l y and upwards 
i n t o t h e Coal S i l l s Group and i t s e q u i v a l e n t s . 
The Coal S i l l s Group and i t s e q u i v a l e n t s , l y i n g above and/or 
l a t e r a l l y r e p r e s e n t i n g t h e Main Chert and c o n s i s t i n g e s s e n t i a l l y o f shales 
and sandstones w i t h s u b s i d i a r y l e n t i c u l a r meirine bands smd o c c a s i o n a l t h i n 
c o a l seams. 
These two d i v i s i o n s are s y s t e m a t i c a l l y d e a l t w i t h below. 
The Main C h e r t . - W e l l s (1955a and 1955b) has shown t h a t an e x t e n -
s i v e r e g i o n o f p r i m a r y c h e r t d e p o s i t i o n occupied a l o b a t e area on the 
A s k r i g g B l o c k e x t e n d i n g f r o m Hoove south-westward t o Great Shunner F e l l 
and south-eastward t o Richmond ( P l a t e I I I ) . The e a s t e r n boundary o f 
t h e l o b a t e area has been s l i g h t l y m o d i f i e d as compared v r i t h t h a t o f W e l l s , 
b u t t h i s i s o n l y a s m a l l m a t t e r o f d e t a i i l . N o r t h o f Hoove, a tongue 
o f c h e r t extends from t h i s l o b a t e area and d i p s i n t o the Cotherstone 
S y n c l i n e , beneath w h i c h s t r u c t u r e W e l l s c o n s i d e r e d the boundary o f 
c h e r t d e p o s i t i o n t o c l o s e . However, the e x i s t e n c e o f up t o f e e t o f 
c h e r t i n H a r g i l l Beck ( P I . I V , 80) on the n o r t h s i d e o f the s y n c l i n e has 
been proved d u r i n g the p r e s e n t work, so t h a t i t now seems l i k e l y t h a t 
t h e tongue extends a t l e a s t t o t h i s p o s i t i o n n o r t h w a r d . A s m a l l o c c u r r -
ence o f c h e r t t o the n o r t h - w e s t and a p p a r e n t l y i s o l a t e d from the 
p r i n c i p a l c e n t r e was proved by Rowel l and Scanlon (1957a) on the n o r t h -
e r n s l o p e s o f Winton F e l l , n o r t h and n o r t h - e a s t of B a s t i f e l l . A l s o , 
c h e r t i s developed t o the sou t h o f the p r i n c i p a l c e n t r e i n t h r e e o f the 
s m a l l and r e s t r i c t e d " b a s i n s " x-zhich occur t o the south o f the main area 
o f d e p o s i t i o n ( P I . I V , 96, 97 and 9 8 ) . The boundaries o f the p r i n c i p a l 
a r e a and the s m a l l area t o the n o r t h - w e s t o f i t i n no way r e p r e s e n t the 
edges o f b a s i n s o f c h e r t d e p o s i t i o n , b u t merely mark the p o s i t i o n where 
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c h e r t passes l a t e r a l l y i n t o s h a l e ; t h e exact c o n f i g u r a t i o n o f th e s m a l l 
areas t o the so u t h o f t h e p r i n c i p a l area i s u n c e r t a i n , b ut i t i s 
pr o b a b l e t h a t t h ey comprise v e r y s m a l l i s o l a t e d patches o f c h e r t w i t h 
no l a t e r a l passage i n t o s h a l e even though i n each case they are over-
l a i n by t h i n s h a l e developments. 
U s u a l l y , t h e c h e r t r e s t s d i r e c t l y on the Main Limestone t o p b u t 
o c c a s i o n a l l y w i t h i n t h e main eo-ea o f c h e r t development t h e two are 
se p a r a t e d by s h a l e which has a maximum observed t h i c k n e s s o f 18 f e e t 
i n H u g g i l l S i k e ( P l . I V , 8 3 ) ; g e n e r a l l y , however, i f shale i s pres e n t 
a t t h i s h o r i z o n i t i s much t h i n n e r , as i n Ducking Tub G i l l ( P l . I V , 9 2 ) . 
At some p l a c e s w i t h i n the p r i n c i p a l c e n t r e , p a r t i c u l a r l y towards t h e 
s o u t h e r n m a r g i n , t h e Main Chert forms the complete succession between 
t h e Main and L i t t l e Limestones, as, f o r example, i n Moresdale G i l l 
( P l . I V , 9 ^ ) . However, i t s g r e a t e s t t h i c k n e s s i s n o t a t t a i i n e d i n such 
a s e c t i o n s i n c e t h e maximum o f kO f e e t i s found i n West Stonesdale ( P l . 
I V , 86) where the c h e r t i s o v e r l a i n by a c o n s i d e r a b l e t h i c k n e s s o f Coal 
S i l l s Group sediments. The t h i c k n e s s e s i n measured s e c t i o n s are shown 
on P l a t e I I I ; as would be expected, t h e r e i s a g e n e r a l t h i n n i n g towards 
t h e m a r g i n o f t h e p r i n c i p a l a r e a , as i n J i n g l e Pot G i l l ( P l . I V , 93 )» 
and t h e r e must be r a p i d t h i n n i n g towards the margins of the s m a l l e r areas. 
W e l l s (1955a and 1955b) has d e s c r i b e d i n d e t a i l the v a r i a t i o n s i n 
l i t h o l o g y and p e t r o g r a p h y o f t h e Main Chert which i s always r e p r e s e n t e d 
by e i t h e r s i l i c e o u s mudstone, a cha l c e d o n i c f l i n t y r o c k or f o s s i l i f e r o u s 
s i l i c e o u s l i m e s t o n e . The b u l k o f the c h e r t i s c o n s i d e r e d t o be o f 
p r i m a r y o r i g i n , p r o b a b l y d e p o s i t e d as a g e l , cilthough the chalcedonic 
r o c k which forms t h e upper p a r t o f i t i n the Bowes area has pr o b a b l y been 
d e r i v e d by secondary s i l i c i f i c a t i o n . I t has been p o s t u l a t e d ( W e l l s , 
op. c i t . ) t h a t t h i s secondary s i l i c i f i c a t i o n t o o k place penecontemperem-
e o u s l y , b e f o r e complete l i t h i f i c a t i o n , because o f the widespread d i s t r i -
b u t i o n o f t h e phenomenon a t a s i m i l a r h o r i z o n . 
Such a l a r g e a r e a o f p r e d o m i n a n t l y p r i m a r y c h e r t presents some 
problems as t o the source o f the s i l i c a r e q u i r e d f o r i t s f o r m a t i o n and 
i t s c o n d i t i o n s o f d e p o s i t i o n . I t i s known t h a t a t th e mouth o f a r i v e r 
c a r r y i n g d i s s o l v e d s i l i c a t h e r e w i l l be d e p o s i t i o n o f the l a t t e r because 
o f t h e low c o n c e n t r a t i o n o f s i l i c a p o s s i b l e i n sea water (0 .02 grams per 
t o n , as compared w i t h an average o f 17 grams per t o n i n r i v e r w ater are 
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t h e f i g u r e s quoted by Rankama and Sahama, 1950) . T h i s suggests the 
presence o f a s i l i c a - l a d e n r i v e r ( o r r i v e r s ) f l o w i n g i n t o the sea t o 
e x p l a i n t h e f o r m a t i o n o f the c h e r t . A l s o , t h e heavy l o a d of s i l i c a 
r e q u i r e d m i g h t be taken t o i n d i c a t e f l o w from a t r o p i c a l r e g i o n where 
l a t e r i t i c d e c o mposition was t a k i n g p l a c e , s i n c e i t i s known t h a t d i s s -
o l v e d s i l i c a i s o f t e n abundsint i n r i v e r w aters from such ain area. From 
the f o r e g o i n g , i t can e a s i l y be seen how Sargent (1923 and 1929) 
v i s u a l i z e d t h e f o r m a t i o n o f the c h e r t as a process o f simultaneous 
d e p o s i t i o n o f csilcium carbonate and c o l l o i d a l s i l i c a , as a g e l , i n a 
s h a l l o w e p i c o n t i n e n t a l sea o f f the mouth o f a l a r g e r i v e r . The p h y s i c o -
c h e m i c a l d e t a i l s o f the method of p r e c i p i t a t i o n have been discussed by 
W e l l s (1955a and 1955b) who showed t h a t i t i s n o t a simple process o f 
f l o c c u l a t i o n by e l e c t r o l y t e s b u t one i n which c a l c i u m b i c a r b o n a t e a c t s 
as an i m p o r t a n t p r e c i p i t a n t . 
S i n c e i t can be re a s o n a b l y c o n s t r u e d t h a t the d i s s o l v e d s i l i c a was 
b r o u g h t i n t o t h e sea by a r i v e r o r r i v e r s , t h e r e ought t o be some evidence 
o f a channel o r channels i n beds o f e q u i v a l e n t age t o the n o r t h . Prom-
i n e n t channels have a l r e a d y been'shown t o e x i s t on the A l s t o n B l o c k and 
t h e y encroach t o some e x t e n t i n t o the Cotherstone S y n c l i n e and on t o t h e 
A s k r i g g B l o c k (see l a t e r ) . However, t h e r e i s a s u b s t a n t i a l d i f f i c u l t y here 
i n t h a t t h e washout-chemnels were formed a f t e r the c h e r t ; evidence f o r 
t h i s e x i s t s i n the Stanhope Q u a r r i e s where i t can be seen t h a t t h e 
channels were c u t and a l l u v i a t e d a f t e r the f o r m a t i o n of the High Coal 
S i l l , whereas t h e c h e r t which i s equated w i t h t h e Main Chert was formed 
p r i o r t o t h e f o r m a t i o n o f the Low Coal S i l l . A l s o , i n H a r g i l l Beck (PL. 
IV , 8 0 ) , on t h e n o r t h s i d e of the Cotherstone S y n c l i n e , a s u b s i d i a r y 
washout-channel which branches o f f from the major channel o v e r l i e s and 
p r o b a b l y c u t s i n t o t h e Main Chert at' t h e extreme t i p o f the tongue which 
extends n o r t h w a r d from t h e p r i n c i p a l area; t h u s , i n s p i t e o f i t s i n t i m a t e 
a s s o c i a t i o n w i t h t h e c h e r t , t h e channel cannot have c a r r i e d the s i l i c a -
l a d e n w a t e r f r o m which t h e c h e r t was formed. On the o t h e r hand, the 
contemporaneous "channel", which has been shown t o e x i s t on the west s i d e 
o f Hudeshope, was p r o b a b l y o p e r a t i v e d u r i n g the p e r i o d i n which the c h e r t 
was formed; a l s o , t h e s o u t h e r n end o f i t s course i s c l o s e l y r e l a t e d t o 
th e tongue o f c h e r t which extends northward from the p r i n c i p a l area ( P l a t e 
I I I and see l a t e r ) . Thus, i t seems p o s s i b l e t h a t the waters o f t h i s 
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" c h a n n e l " were r e s p o n s i b l e , a t l e a s t i n p a r t , i f n o t c o m p l e t e l y , f o r 
c a r r y i n g i n t o the area the d i s s o l v e d s i l i c a from which the Main Chert 
was formed. The s m a l l patches o f c h e r t on the A l s t o n B l o c k were 
p r o b a b l y formed on the f l a n k o f the "channel" where c o n d i t i o n s were 
l o c a l l y s u i t a b l e . The detached patches on the A s k r i g g Block are r e l -
a t i v e l y c l o s e l y a s s o c i a t e d v / i t h t h e main area and p r o b a b l y bear a f f i n -
i t i e s t o i t i n t h e i r mode o f f o r m a t i o n . 
The Coal S i l l s Group and i t s e q u i v e i l e n t s . - As a l r e a d y s t a t e d , 
t h e Coal S i l l s Group passes l a t e r a l l y i n t o and a l s o o v e r l i e s the Main 
C h e r t . However, where c h e r t forms the whole o f the upper p a r t o f the 
cyc l o t h e m above the l i m e s t o n e member, as i t does i n p l a c e s ( P l . I V , 
9 ^ ) , no sediments o f Coal S i l l s l i t h o l o g y are developed. Conversely, 
where c h e r t i s n o t developed a t a l l the Coal S i l l s Group must form the 
complete upper p a r t o f the cyclothem. 
True Coal S i l l s Group sediments ( i n t e r b e d d e d sandstones, shales and 
o c c a s i o n a l marine bands and t h i n C O E L L S ) occur t o the n o r t h and north-west 
o f t h e l i n e shown on P l a t e I I I w h i ch marks the so u t h e r n l i m i t o f Coal 
S i l l s sandstones. South and sout h - e a s t o f t h i s l i n e o n l y shale i s d e v e l -
oped between t h e Main and L i t t l e Limestones, except where the Main Chert 
i s a l s o p r e s e n t ; t h e shale i s thus e q u i v a l e n t t o the sediments o f t y p i c a l 
Coal S i l l s l i t h o l o g y w h i c h are developed f a r t h e r n o r t h . The C l e v e l a n d . 
H i l l s Borehole ( P l . IV, 99)» which was d r i l l e d near Chopgate some 2k m i l e s 
east o f Richmond, proved a sequence c o n s i s t i n g e s s e n t i a l l y o f s h a l e , 
l i m e s t o n e and c h e r t , b u t no sandstone, a t t h i s h o r i z o n . Thus, i n the 
concealed a r e a t o t h e e a s t o f the Block, comparable c o n d i t i o n s t o those 
found on t h e exposed p a r t o f the B l o c k must have e x i s t e d , w i t h sandstone 
d y i n g out a t a s i m i l a r l a t i t u d e o r even f a r t h e r n o r t h than i t does i n the 
extreme e a s t e r n p a r t o f t h e exposed area. To the n o r t h - e a s t o f the Moor 
Cock I n n t h e s o u t h e r n l i m i t o f sandstone i s r e a s o n a b l y w e l l d e f i n e d . How-
ever, t h e l i m i t shown by W e l l s (1955a and 1955b) i n the v i c i n i t y o f Keld 
has been somewhat m o d i f i e d on the b a s i s of W e l l s ' own p u b l i s h e d i n f o r m -
a t i o n as w e l l as t h a t o f Dakyns e t al . ( 1 8 9 I ) and Powel l and Scanlon (1957a), 
The d i f f e r e n c e i s one o f d e t a i l , however, s i n c e the l i m i t i s o n l y s h i f t e d 
some 3 m i l e s f a r t h e r s o u t h - e a s t so t h a t the boundary runs south-east of 
Kisdon and Great Shunner F e l l where sandstone i s known t o occur i n beds 
o f t h i s age. South o f the Moor Cock I n n , i n f o r m a t i o n r e g a r d i n g the wedg-
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i n g out o f SEindstone i s s c a n t y and the boundary shown on P l a t e I I I i s 
o n l y t e n t a t i v e ; however, t h e r e i s evidence t o show t h a t sandstone i s 
pr e s e n t on Whernside ( H i c k s , 1958) and near Widdale Great Tarn (Dakyns 
e t aL, 1890) , whereas i t seems l i k e l y t h a t beds o f e q u i v a l e n t age have 
d i e d out c o m p l e t e l y b e f o r e Dodd F e l l H i l l and I n g l e b o r o u g h are reached. 
The boundary l i m i t i n g t h e e x t e n t o f sandstone must, t h e r e f o r e , r u n 
between t h e two s e t s o f l o c a l i t i e s . I t has been shown ( W e l l s , op. c i t . ) 
t h a t t h e upper-most sandstone o f the Group, t h a t i s t o say, the equi v a -
l e n t o f t h e White Hazle o f the A l s t o n Block, has a spread f a r t h e s t south 
and e a s t , .Thus, the l i m i t o f sandstone shown on P l a t e I I I i n g e n e r a l 
r e f e r s t o t h i s h o r i z o n . 
On t h e n o r t h f l a n k o f t h e Cotherstone S y n c l i n e t h e r e are t h r e e sand-
s t o n e s p r e s e n t i n t h e Coal S i l l s Group sequence, as seen i n H a r g i l l Beck 
( P I , I V , 8 0 ) ; i n t h i s f e a t u r e the sequence i s s i m i l a r t o t h a t o f the 
A l s t o n B l o c k . F a r t h e r s o u t h , on the s o u t h e r n f l a n k o f the s y n c l i n e and 
over much o f the A s k r i g g B l o c k , t h e r e are g e n e r a l l y o n l y two sandstones, 
as a t Thorpe Scar ( P I . I V , 8 4 ) , and towards the l i m i t o f sandstone depos-
i t i o n o n l y one, as, f o r example, i n East G r a i n ( P I . IV, 8 7 ) . However, 
e x c e p t i o n s t o t h i s g e n e r a l r u l e do occur a t c e r t a i n p l a c e s ; f o r example, 
i n Needlehouse G i l l ( P l . I V , 91) and o t h e r places i n the Rawthey v a l l e y 
i t has been shown by Rowell and Scanlon (1957a) and Hicks (1958) t h a t 
t h r e e s e p a r a t e beds are p r e s e n t i n t h e sequence. 
Most o f t h e sandstones are o f s h e e t - l i k e form w i t h g r a d a t i o n a l bases. 
However, t h e y a r e a p p a r e n t l y more l e n t i c u l a r than the sheet sandstones o f 
t h e A l s t o n B l o c k , b u t i t seems p o s s i b l e t h a t i n d i v i d u a l l e n s e s are d e v e l -
oped a t a p a r t i c u l a r h o r i z o n and, t h e r e f o r e , are c o r r e l a t a b l e w i t h each 
o t h e r . Thus, t h e r e i s p r o b a b l y n o t a hap-hazard d i s t r i b u t i o n o f sandstone 
l e n s e s b u t an o r d e r l y sequence i n which a t the same h o r i z o n sandstone peisses 
l a t e r a l l y i n t o s h a l e o r s h a l y sandstone and back i n t o sandstone. The 
a c t u a l c o r r e l a t i o n o f the sandstones w i t h those on the A l s t o n B l o c k i s 
n o t c e r t a i n . However, where t h r e e sandstones are p r e s e n t i n the sequence, 
as on t h e n o r t h e r n l i m b o f the Cotherstone S y n c l i n e and i n the Rawthey 
V a l l e y , t h e r e i s evidence t o suggest t h a t t h e y are p r o b a b l y e q u a t a b l e , 
i n a s cending o r d e r , w i t h t h e High Coal S i l l , t h e f o s s i l i f e r o u s sandstone 
and t h e White Hazle o f the A l s t o n Block. F a r t h e r south, where o n l y two 
sandstones are developed, i t i s known t h a t the e q u i v a l e n t o f the V/hite 
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Hazle p e r s i s t s so t h a t one o f t h e two low e r sandstones must e i t h e r l e n s 
o u t o r coalesce w i t h one o f t h e two r e m a i n i n g l a y e r s . W i t h t h i s i n view, 
i t i s t e n t a t i v e l y suggested t h a t the f o s s i l i f erous ssindstone e q u i v a l e n t 
may cosilesce w i t h the White Hazle e q u i v a l e n t i f i t does not l e n s out 
c o m p l e t e l y , s i n c e t h e r e i s some evidence (see l a t e r ) i n d i c a t i n g t h a t i t 
i s t h e l o w e r samdstone, t h a t i s t o say, t h e High Coal S i l l e q u i v a l e n t , 
w h i c h p e r s i s t s a l o n g w i t h t h e White Hazle e q u i v a l e n t . Towards t h e l i m i t 
o f sandstone d e p o s i t i o n o n l y the White Hazle e q u i v a l e n t p e r s i s t s aind i t 
e v e n t u a l l y wedges out as d e s c r i b e d above. 
These sandstones w i t h s h e e t - l i k e form v a r y c o n s i d e r a b l y i n t h i c k n e s s . 
A maximum t h i c k n e s s o f over 50 f e e t has been recorded i n the no r t h - w e s t 
p a r t o f t h e A s k r i g g B l o c k i n Faraday G i l l ( P l . I V , 8 5 ) , but here two 
sandstones have p r o b a b l y cosilesced. T h i c k sandstones a l s o occur i n the 
Cot h e r s t o n e S y n c l i n e and on the n o r t h e r n p a r t of t h e A s k r i g g B l o c k , but 
n o r m a l l y the t h i c k n e s s i s 30 f e e t or l e s s . Q u i t e n a t u r a l l y , the g r e a t e r 
t h i c k n e s s e s occur w e l l t o t h e n o r t h and west o f the l i m i t o f sandstone, 
w h i l s t t h e s m a l l e r t h i c k n e s s e s are found c l o s e r t o the f e a t h e r edge o f 
sandstone d e p o s i t i o n . 
So f a r as gradn s i z e i s concerned, the s h e e t - l i k e sandstones are f i n e , 
f i n e t o medium or medium g r a i n e d , g r a d i n g up from the shale belov; them 
t h r o u g h v e r y f i n e g r a i n e d s h a l y sandstone. As on the A l s t o n Block, t h e i r 
t o p s a r e u s u e i l l y q u i t e s h a r p l y d i v i d e d from the o v e r l y i n g s t r a t a . A 
f l a g g y n a t u r e i s o f t e n a p p a r e n t , p a r t i c u l a r l y i n the lower p a r t o f the 
sandstones, b u t t h e y a r e o f t e n q u i t e massive, e s p e c i a l l y towards t h e i r 
t o p s and a l s o where t h e y are t h i c k . Cross-bedding has been noted and 
o c c a s i o n a l l y r i p p l e - m a r k s are w e l l developed, the l a t t e r u s u a l l y b e i n g 
o f t h e i n t e r f e r i n g t y p e which g i v e r i s e t o c u r l y bedding. " A n n e l i d t r a c k s " 
a r e p r e s e n t i n the sandstones and t h e i r p r o f u s i o n i n the White Hazle 
e q u i v a l e n t due s o u t h o f S l e i g h t h o l m e Beck, i n t h e n o r t h e r n p a r t o f t h e 
A s k r i g g B l o c k , gave r i s e t o t h e name "wormy g r i t s " f o r t h i s h o r i z o n 
(Dakyns e t al., I891). 
The sandstone t o p s o c c a s i o n a l l y c o n t a i n p l a n t r o o t l e t s b ut the 
l a t t e r are n o t n e a r l y so f r e q u e n t l y p r e s e n t or as abundant as on the 
A l s t o n B l o c k , where t h e upper parte o f the sandstones are almost i n v a r -
i a b l y r i c h i n r o o t l e t s . I n f a c t , r o o t l e t s i n s i t u o n l y occur i n the 
sandstones w e l l t o t h e n o r t h , n o r t h - w e s t and west o f the l i m i t o f sand-
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stone d e p o s i t i o n . The l o w e r sandstone, which i s equated w i t h the High 
Coal S i l l , o f t e n c o n t a i n s r o o t l e t s i n the r e g i o n o f the Cotherstone 
S y n c l i n e , as i n the Rowton Sike b o r e h o l e s ( P l . I V , 8 l ) , F a r t h e r south 
r o o t l e t s i n i t are much r a r e r but they have been r e c o r d e d . I t i s p a r t l y 
because o f t h e i r presence, however, t h a t the lower o f the two sandstones 
on t h e A s k r i g g B l o c k i s c o n s i d e r e d t o be the e q u i v a l e n t o f the High Coal 
S i l l r a t h e r t h a n the f o s s i l i f e r o u s sandstone s i n c e , where t h r e e ssmdstones 
a r e developed, the m i d d l e one has never been found t o conteiin amy plemt 
remains i n s i t u . The White Hazle e q u i v a l e n t o f t e n does c o n t a i n r o o t l e t s 
and i n t h e Rowton S i k e area ( P l . I V , 8 l ) , i n the Cotherstone S y n c l i n e , i t 
i s s i m i l a r t o i t s p a r e n t on the A l s t o n Block i n b e i n g c h a r a c t e r i s t i c a l l y 
d i v i s i b l e i n t o two components. A t the above l o c a l i t y , a sandstone w i t h a 
r o o t y t o p i s o v e r l a i n by a v e r y t h i n l a y e r o f s o f t c o a l and then a t h i n , 
f o s s i l i f e r o u s , o c c a s i o n a l l y c a l c a r e o u s sandstone, the l a t t e r b e i n g the 
l o w e s t component o f the o v e r l y i n g cyclothem. T h i s d i v i s i o n i n t o two has 
n o t been r e c o r d e d f a r t h e r s o u t h on the A s k r i g g Block, but t h e r e are v a r i o u s 
r e f e r e n c e s ( R o w e l l and Scanlon, 1957a; H i c k s , 1958) t o the sandstone 
i m m e d i a t e l y beneath the L i t t l e Limestone h a v i n g a r o o t y o r , a l t e r n a t i v e l y , 
a f o s s i l i f e r o u s cailcareous t o p . Where a r o o t y t o p i s p r e s e n t , as i n Good-
ham G i l l ( P l , I V , 8 8 ) , i t must be t h a t the sandy l a y e r a t the base o f the 
o v e r l y i n g cyclothem was n o t formed. On the o t h e r hand, t h e r e cannot have 
been any c o l o n i z a t i o n o f the sandstone by pl a i n t s where i t has a f o s s i l i f -
erous c a l c a r e o u s t o p and r o o t l e t s are c o m p l e t e l y absent, as i n Round I n g 
G i l l ( P l , I V , 8 9 ) . There are a l s o the cases where n e i t h e r r o o t l e t s nor a 
f o s s i l i f e r o u s c a l c a r e o u s n a t u r e are developed a t the t o p o f the sandstone 
beneath t h e L i t t l e Limestone, as, f o r example, i n Faraday G i l l ( P l , I V , 
8 5 ) . 
On t h e A l s t o n B l o c k , the course o f an i n f i l l e d contemporaneous 
"c h a n n e l " c o n t a i n i n g f i n e and medium g r a i n e d sandstone has been t r a c e d . 
The p r o b a b l e c o n t i n u a t i o n . o f t h i s "channel" runs t h r o u g h Easter Beck 
( P l , I V , 78) c l o s e t o the l a t t e r ' s c o nfluence w i t h Grassholme R e s e r v o i r 
i n t h e Cotherstone S y n c l i n e ( P l , I I I ) , Here, a t h i c k medium g r a i n e d 
sandstone l i e s k f e e t above the Great Limestone t o p . No t r a c e o f t h e 
" c h a n n e l " has been found f a r t h e r s outh so t h a t i t can be reasonably 
p r e s m e d t h a t i t d i e d o u t . Thus, t h e r e i s a c o n t i n u a t i o n o f the contem-
poreineous " c h a n n e l " southward t o almost connect up w i t h the area o f c h e r t , 
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t h e s i l i c a f o r which i t i s p o s t u l a t e d was t r a n s p o r t e d i n t o the area now 
occupied by the c h e r t by the w a t e r s c a r r i e d a l o n g t h e "channel". 
A l s o on t h e A l s t o n B l o c k , the courses o f s a n d s t o n e - f i l l e d washout-
channels have been t r a c e d . These channels cut deeply i n t o the under-
l y i n g s t r a t a whereas the s a n d s t o n e - f i l l e d contemporaneous "channel" was 
formed s y n c h r o n o u s l y w i t h the sediments i n which i t i s c o n t a i n e d aind w i t h 
w h i c h i t s f i l l p r o b a b l y i n t e r d i g i t a t e s . Washout-channels s i m i l a r t o 
those on t h e A l s t o n B l o c k have ailso been r e c o g n i z e d i n the area under 
c o n s i d e r a t i o n , b u t t h e y are n e i t h e r as prominent nor as numerous as 
f a r t h e r n o r t h . However, t h e y occur a t the same h o r i z o n and a r e , t h e r e -
f o r e , a t l e a s t i n d i r e c t l y r e l a t e d t o those on the A l s t o n B lock, I t has 
a l r e a d y been p o i n t e d out t h a t the major channel o f the A l s t o n B l o c k can 
b e ' t r a c e d i n t o the Cotherstone S y n c l i n e where i t i s seen c u t t i n g i n t o 
t h e Great Limestone i n the v i c i n i t y o f Borrov;dale Beck, t h r e e m i l e s e a s t -
n o r t h - e a s t o f Brough, South-west o f the above l o c a l i t y the channel i s 
l o s t s i n c e i t t r e n d s i n t o the area where rocks o f t h i s age have been 
removed by e r o s i o n . However, i t seems p a s s i b l e t h a t the i n f i l l e d channel 
swings round t o a s o u t h - e a s t course f a r t h e r s o u t h , since on Baugh F e l l 
( f o r example, i n Ceaseat Beck, P l . I V , 90) and p a r t o f Rise H i l l a channel 
w h i c h i s i n f i l l e d w i t h coarse, v e r y coarse g r a i n e d , and f r e q u e n t l y pebbly 
sandstone appears t o form the c o n t i n u a t i o n o f i t ( P l . I I I ) . I n t h i s 
r e g i o n t h e Main Limestone i s never c u t i n t o by the channel and t h e 
channel sandstone never a t t a i n s the t h i c k n e s s i t reaches f a r t h e r n o r t h , 
th e maximum b e i n g a l i t t l e over 25 f e e t t h i c k . On the o t h e r hand, the 
c h a n n e l - f i l l sandstone has a much w i d e r spread ( P l , I I I ) t h an i n t h e 
n o r t h . I n a d d i t i o n , i t has been shown ( H i c k s , 1958) t o wedge out complete-
l y t o the s o u t h - e a s t , n o r t h - e a s t and south-west i n a manner s u g g e s t i n g 
t h a t i t i s the f a n - d e p o s i t a t the seaward end o f a washout channel. The 
coarse g r a i n e d sandstone f i l l i n g the channel i n t h i s r e g i o n has been found 
t o c o n t a i n up t o 0 ,8 per cent g a r n e t ( H i c k s , op, c i t , ) , a m i n e r a l which 
has n o t been d i s c o v e r e d i n such abundance i n the channel sandstones f a r t h e r 
n o r t h d e s p i t e a c a r e f u l search. T h i s c o u l d be taken t o i n d i c a t e t h a t the 
channel d e p o s i t o f Baugh F e l l i s n o t d i r e c t l y r e l a t e d t o the major channel 
l a s t seen t o t h e n o r t h i n Borrowdale Beck. However, the tx-/o channel 
sandstones match each o t h e r i n r e s p e c t o f t h e i r coarse g r a i n s i z e and 
r e l a t i v e abundance o f f e l d s p a r , b o t h f e a t u r e s b e i n g c o m p l e t e l y a t y p i c a l 
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o f amy o t h e r sandstone i n t h e Coal S i l l s Group. Even i f the two channels 
do n o t connect t o form a s i n g l e channel i t i s v i r t u a l l y c e r t a i i n t h a t they 
occur a t t h e same s t r a t i g r a p h i c a l h o r i z o n s i n c e they are b o t h o v e r l a i i n 
by t h e most prominent and widespread c o a l seam i n the sequence, the High 
Coal S i l l c o a l . I t c o u l d be t h a t t h e two aire connected and t h a t the 
g a r n e t has been brought i n by another channel which j o i n s the major 
channisl s o u t h o f Borrowdale Beck as i n d i c a t e d on P l a t e I I I . The o n l y 
o t h e r channel r e c o g n i z e d i n t h i s r e g i o n i s one which i s exposed i n H a r g i l l 
Beck ( P l . I V , 80) on t h e n o r t h s i d e o f the Cotherstone S y n c l i n e . T h i s 
channel c u t s down t o w i t h i n 4 f e e t o f the Great Limestone t o p and i s 
f i l l e d w i t h 30 f e e t o f sandy beds. At i t s base the c h a n n e l - f i l l m a t e r i a l 
i s composed o f medium t o coarse g r a i n e d sandstone c o n t a i n i n g bands o f 
s m a l l m i l k y queirtz-pebbles (up t o 9, mm. i h d i a m e t e r ) ; t h i s e v e n t u a l l y 
passes up i n t o medium t o f i n e graiined sandstone w i t h i n t e r b e d d e d shal.y 
bands. The above c h a r a c t e r s , by analogy w i t h t h e A l s t o n Block, i n d i c a t e 
t h a t t h e channel i s one o f t h e s u b s i d i a r y type which branch o f f from the 
m a j o r channel and d i e out a s h o r t d i s t a n c e from i t . Thus, t h i s channel 
p r o b a b l y has i t s source on the east s i d e o f the major channel somewhere 
near Langdon Beck as shown t e n t a t i v e l y on P l a t e I I I . I t p r o b a b l y d i e s 
out beneath t h e Cotherstone S y n c l i n e , a l t h o u g h t h e r e i s j u s t a p o s s i b i l i t y 
t h a t i t p e r s i s t s as f a r s o u t h as R o v e g i l l Beck ( P l . IV, 82) on t h e south 
s i d e o f t h e s y n c l i n e . As m i g h t be expected, no chemnels have been recog-
n i s e d f a r t h e r s o u t h a p a r t from t h e one i n the Baugh F e l l r e g i o n which i s 
th e o n l y one t o t r a n s g r e s s on t o the A s k r i g g B l o c k . 
The coarse g r a i n e d n a t u r e o f the c h a n n e l - f i l l sandstones has ailready 
been mentioned, the major channel c o n t a i n i n g much coarser m a t e r i a l than 
th e s u b s i d i a r y one. As well as b e i n g coarse g r a i n e d the sandstones are 
a l s o cross-bedded, p a i r t i c u l a r l y i n t h e i r l o i v e r p a r t s . T h e i r upper p a r t s 
c o n t a i n plemt r o o t l e t s i n s i t u , s i m i l a r t o some o f the s h e e t - l i k e sand-
stones whose t o p s were o n l y c o l o n i s e d by p l a n t s w e l l t o the n o r t h , n o r t h -
west emd west o f t h e l i m i t o f sandstone d e p o s i t i o n . Hov/ever, i t appears 
t h a t p l a n t s were a b l e t o grow f a r t h e r s o u t h , and presumably seaward, a l o n g 
t h e i n f i l l e d major channel t o p . The channel i s t h e r e f o r e s i m i l a r t o the 
d i s t r i b u t a t y channels i n t h e M i s s i s s i p p i d e l t a which when abandoned and 
i n f i l l e d u s u e i l l y s u p p o r t a m a r s h - f a c i e s t h a t extends seaward from t h e 
landward r e g i o n o f marsh ( F i s k , 1954) , 
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Coal seams are n o t commonly found i n the area under c o n s i d e r a t i o n 
d e s p i t e t h e r a t h e r widespread occurrence o f p l a n t r o o t l e t s i n some o f 
the sandstone t o p s . The p l a n t r o o t l e t s are n o t v e r y abundant, however, 
and i t i s p r o b a b l e t h a t o n l y i n a few cases was s u f f i c i e n t l y l u x u r i o u s 
v e g e t a t i o n s u p p o r t e d t o form peat from which c o a l c o u l d be d e r i v e d . On 
t h e o t h e r hand, i f peat was fomied i t i s q u i t e p r o b a b l e t h a t i t was 
d e s t r o y e d and washed away, s i n c e t h e r e i s s u f f i c i e n t evidence t o show 
t h a t t h i s r e g i o n l a y c l o s e r t o the sea than the area t o the n o r t h where 
c o a l s a r e p r o m i n e n t l y developed. On t h e A l s t o n B l o c k a g e n e r a l s o u t h -
ward t h i n n i n g - o f t h e c o a l seams was n o t e d , a f e a t u r e which presumably 
c o n t i n u e d i n t o t h i s r e g i o n . I n f a c t , the seams are c o n f i n e d t o the 
extreme n o r t h e r n and w e s t e r n l i m i t s o f the area and even then, except i n 
one case, t h e y are t h i n and o n l y p r e s e n t s p o r a d i c a l l y . The c o a l seams 
appear t o be developed a t t h r e e s p e c i f i c h o r i z o n s . I n Easter Beck ( P l , 
I V , 7 8 ) , on t h e s o u t h - e a s t s i d e o f Grassholme R e s e r v o i r , and i n the 
v i c i n i t y o f R e i g i l l (Faraday G i l l ) , t h r e e m i l e s south-east o f K i r k b y 
Stephen, a seam up t o 3 i n c h e s t h i c k occurs about k f e e t above the Great 
( = Main) Limestone t o p ; t h i s seam p r o b a b l y c o r r e l a t e s w i t h the one j u s t 
above t h e Great Limestone on t h e A l s t o n Block, At a h i g h e r l e v e l a seam 
i s found w h i c h i s almost c e r t a i n l y a t the h o r i z o n o f the High Coal S i l l 
c o a l . I t i s r e p r e s e n t e d by 2 i n c h e s o f s o f t c o a l i m m e d i a t e l y above the 
washout channel i n H a r g i l l Beck ( P l , I V , 8 0 ) , on the n o r t h s i d e o f the 
C o t h e r s t o n e S y n c l i n e , and i t i s p r o b a b l y p r e s e n t on the south s i d e o f the 
s y n c l i n e i n Blue Cap S i k e and S l e i g h t h o l m e Beck, b u t i s not w e l l exposed. 
A t o t h e r l o c a l i t i e s , f o r example, the Rowton Sike boreholes ( P l . I V , 81) 
and t h e S e l s e t R e s e r v o i r b o r e h o l e s ( P l . IV, 79)» no c o a l was recovered a t 
t h i s h o r i z o n a l t h o u g h a sandstone w i t h r o o t l e t s i s p r e s e n t . The o n l y 
o t h e r a r e a where the e q u i v a l e n t o f the High Coal S i l l c o a l i s developed i s 
t h e Baugh F e l l r e g i o n where an 8 i n c h t h i c k seam o v e r l i e s the whole area 
covered by t h e washout-channel i n f i l l e d w i t h coarse sandstone, as, f o r 
example, i n Round I n g G i l l ( P l , I V , 8 9 ) . A p p a r e n t l y , the c o a l o n l y extends 
over the r e g i o n embraced by the i n f i l l e d channel and i t presumably owes 
i t s presence so f a r s o u t h t o the channel which p r o b a b l y f a c i l i t a t e d the 
s t r o n g - g r o w t h o f v e g e t a t i o n a l o n g i t s i n f i l l e d t o p . Coal a t the t o p of 
t h e c yclothem s e p a r a t i n g t h e two components o f the White Hazle has o n l y 
been seen i n t h e n o r t h e r n p a r t o f the r e g i o n i n the Rowton S i k e b o r e h o l e 
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cores ( P l , I V , 8 l ) , and even then i t i s o n l y a smut. From the above 
i n f o r m a t i o n i t can be seen how r a r e c o a l i s i n the Cotherstone S y n c l i n e 
and, more p a r t i c u l a r l y , on the A s k r i g g B l o c k as compared w i t h the A l s t o n 
B l o c k , 
Whereas c o a l s are much r a r e r i n t h i s r e g i o n than on the A l s t o n Block, 
s t r a t a c o n t a i i n i n g marine f o s s i l s are more common. For i n s t a n c e , on the 
A l s t o n B l o c k i n the f o u r Swinhope b o r e h o l e s ( P l . I V , 53 , 54, 55 and 56) 
an average o f 23 per cent ( r a n g i n g between I 5 and 28 per cent) o f the 
Coal S i l l s Group s t r a t a c o n t a i n marine f o s s i l s , w h i l s t i n the Rowton Sike 
b o r e h o l e s ( P l . IV, 8 1 ) , on t h e n o r t h s i d e o f the Cotherstone S y n c l i n e , 37 
per cent o f t h e e q u i v a l e n t s t r a t a aire marine. The average p r o p o r t i o n of 
s t r a t a b e a r i n g marine f o s s i l s i n the Coal S i l l s sequence o f t h e A l s t o n 
B l o c k i s somewhat low e r t h a n t h a t f o i m d i n the Swinhope b o r e h o l e s , how-
ever, so t h a t the a c t u a l southward i n c r e a s e i s even g r e a t e r tham i s appar-
e n t f r o m t h e above example. T h i s i n c r e a s e southwards i s not s u r p r i s i n g 
when i t i s r e c a l l e d t h a t s t i l l f a r t h e r s o u t h the Group i s w h o l l y r e p r e s -
e n t e d by marine c h e r t y beds and sometimes sheile. A l t h o u g h d i s t i n c t marine 
bands r i c h i n f o s s i l s are developed, the o t h e r s t r a t a o f the sequence o f t e n 
c o n t a i n marine f o s s i l s a l s o . The shale i m m e d i a t e l y above the Main Lime-
stone and t h a t above the Main C h e r t , i f the l a t t e r i s p r e s e n t , i n v a r i a b l y 
c o n t a i n s f o s s i l s . F o s s i l s are a l s o p r e s e n t i n shale i n o t h e r p a r t s o f the 
sequence, f o r example, i n t h e Rowton S i k e boreholes ( P l . IV, 8 1 ) , and 
t h e y may even p e r s i s t where the shale becomes s i l t y o r samdy, as i n H a r g i l l 
Beck ( P l . I V , 8 0 ) . Some o f th e samdstones have a l s o been found t o contaiin 
marine f o s s i l s . I n p a r t i c u l a r , where t h r e e sandstones are developed, the 
m i d d l e one i s f r e q u e n t l y f o s s i l i f e r o u s i n p a r t , as i n the Rowton S i k e area 
( P l . I V , 81) and Needlehouse G i l l ( P l . IV, 9 1 ) ; hence i t s c o r r e l a t i o n w i t h 
t h e f o s s i l i f e r o u s sandstone above the High Coal S i l l on the A l s t o n Block. 
The upper sandstone, w h i c h i s e q u i v a l e n t t o the White Hazle, may a l s o be 
f o s s i l i f e r o u s , f o r example, i n Faraday G i l l ( P l . IV, 8 5 ) , a l t h o u g h i n 
some cases t h i s may be due t o i t s coalescence w i t h the middle sandstone. 
Where the sandstones are f o s s i l i f e r o u s t h ey may a l s o be c a l c a r e o u s , but 
sometimes t h e y are c a l c a r e o u s when u n f o s s i l i f e r o u s . D i s c r e t e marine bemds 
o f a c o m p l e t e l y d i f f e r e n t l i t h o l o g y t han the beds w i t h which they are 
a s s o c i a t e d are a l s o q u i t e common. They u s u a l l y occur i n shale b u t have 
been found t o be p r e s e n t a t t h e t o p o r base o f sandstones, i n which case 
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t h e y are s i m i l a r t o the f o s s i l i f e r o u s sandstone type o f marine h o r i z o n 
such as i s developed i n Needlehouse G i l l ( P l . I V , 91 ) • The l a r g e s t niomber 
o f bands d i s c o v e r e d i n any one s e c t i o n i s t h r e e , these h a v i n g been found 
by Dr, H. G, Reading (Reading, 195^ and 1957) i n the cores o f boreholes 
d r i l l e d a t t h e s i t e o f S e l s e t R e s e r v o i r ( P l . I V , 79) on the n o r t h f l a n k 
o f t h e Cotherstone S y n c l i n e ; two bands are found i n a number o f s e c t i o n s , 
however. The t h i c k n e s s o f the bands r a r e l y exceeds 2 f e e t and i s o f t e n 
l e s s t h a n t h i s ; even so i n d i v i d u a l h o r i z o n s can be t r a c e d over d i s t a n c e s 
o f up t o f o u r m i l e s b e f o r e t h e y e v e n t u a l l y l e n s o u t . A l s o , a wide v a r i -
a t i o n o f l i t h o l o g i e s i s e x h i b i t e d by these marine bands, r a n g i n g t h r o u g h 
l i m e s t o n e , s i l t y o r sandy l i m e s t o n e , c a l c a r e o u s sandstone, sandstone and 
s h a l y sandstone, t h e passage from one l i t h o l o g y t o another sometimes b e i n g 
t r a c e a b l e , as, f o r example, i n the Bowes r e g i o n where a l i m e s t o n e passes 
i n t o f o s s i l i f e r o u s samdstone. The bands are o f t e n e x t r e m e l y r i c h i n f o s s i l s 
b u t sometimes t h e y are v i r t u a l l y b a r r e n . Rowell and Scanlon (1957a) con-
s i d e r e d t h e fauna o f a l l t h e marine h o r i z o n s t o be indige n o u s s i n c e many 
o f t h e brachiopods have b o t h v a l v e s a r t i c u l a t e d and the presence o f l o n g 
s p i n e s on one o f the p r o d u c t i d s would appear t o d i s c o u n t any su g g e s t i o n 
t h a t t h e s h e l l s may have been t r a n s p o r t e d i n t o the area. Faunal l i s t s f o r 
these h o r i z o n s are t o be found i n t h e v a r i o u s works on t h i s r e g i o n l i s t e d 
i n t h e key t o F i g . 2. 
THE NORTHUMBRIAN TROUGH 
I n t r o d u c t i o n 
For t h e purpose o f t h i s account t h e Northumbrian Trough i s d e f i n e d 
as t h e whole area l y i n g between t h e n o r t h e r n margin o f the A l s t o n Block 
and t h e s o u t h e r n margin o f the s t a b l e Southern Uplands Massif, as i n 
George (1958). A s u b - r d i v i s i o n o f t h i s r e g i o n i n t o the Mid-Northumbrian 
Trough t o t h e s o u t h , t h e Chevi o t "Block" ( c o m p r i s i n g the Cheviot massif 
and t h e area t o th e eas t o f i t ) i n t h e c e n t r e and the Beirwick Trough t o 
the n o r t h i s p o s s i b l e , b u t i s o f l i t t l e s i g n i f i c a n c e here, as w i l l be 
seen l a t e r . A l t h o u g h t h e Canonbie d i s t r i c t i s r e a l l y s i t u a t e d w i t h i n the 
Trough, i t i s d e a l t w i t h s e p a r a t e l y below because o f i t s marked detachment 
from t h e area o f main o u t c r o p s o f the Great Cyclothem i n the Trough. 
I n t h e Northvmibrian Trough t h e e s s e n t i a l l y non-calcareous p a r t o f the 
Great Cyclothem, t o which no s p e c i f i c name i s a p p l i c a b l e , c o n s i s t s m a i n l y 
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o f s h a l e and sandstone, b u t prominent c o a l seams are f r e q u e n t l y p r e s e n t 
i n t h e upper p a r t o f the sequence over much o f the r e g i o n and marine 
h o r i z o n s a r e n o t uncommon, one b e i n g e s p e c i a l l y prominent i n the south. 
S e c t i o n s f o r t h e s o u t h e r n , c e n t r a l and n o r t h e r n p a r t s o f the r e g i o n , which 
are g i v e n i n F i g . 30, show t h a t i n g e n e r a l the sequence i s c o n s i d e r a b l y 
t h i c k e r t h a n t h e e q u i v a l e n t on the A l s t o n Block. The succession i s not 
d i r e c t l y comparable w i t h t h e Coal S i l l s Group type o f sequence o f th e 
A l s t o n B l o c k , d e s p i t e t h e presence o f prominent samdstones and coa l s i n i t , 
s i n c e t h e r e q u i r e d i n t i m a t e sandstone-coal r e l a t i o n s h i p i s never p r o p e r l y 
developed. However, t h e upper p a r t o f the sequence above the Snope Burn 
Band i n t h e s o u t h - w e s t e r n p a r t o f the Trough has been r e f e r r e d t o as "Coal 
S i l l s " ( T r o t t e r and H o l l i n g w o r t h , 1927) because o f the presence o f c o a l 
seams, b u t t h e analogy i s somewhat c o n t e n t i o u s . 
I n f o r m a t i o n r e g a r d i n g t h e d e t a i l e d s t r a t i g r a p h y o f the complete succ-
e s s i o n i s unevenly d i s t r i b u t e d and on the whole r a t h e r scanty, maiinly 
because o f poor exposure. I n some p l a c e s , however, s e c t i o n s have become 
a v a i i l a b l e f r o m b o r i n g prograimmes, such as t h a t c a r r i e d out i n t h e r e g i o n 
t o t h e west and no r t h - w e s t o f Amble by the Co-operative Wholesale S o c i e t y 
t o e x p l o r e t h e e x t e n t o f the S h i l b o t t l e c o a l which u n d e r l i e s the Great 
Limestone. Mine wo r k i n g s f o r c o a l , w i t h e r i t e amd galena a t F a l l o w f i e l d 
have a l s o p r o v i d e d u s e f u l s t r a t i g r a p h i c a l d e t a i l s . I n a d d i t i o n , much i s 
known about t h e upper p a r t o f t h e s u c c e s s i o n where i t has been worked 
e x t e n s i v e l y f o r c o a l i n t h e s o u t h e r n and n o r t h e r n p a r t s o f the r e g i o n . 
Much o f th e above i n f o r m a t i o n w i t h a d d i t i o n a l f i e l d o b s e r v a t i o n s have been 
embodied i n t h e Summaries o f Progress o f the G e o l o g i c a l Survey (1920 t o 1931)» 
t h e Survey Memoirs (Fowler, 1926; C a r r u t h e r s e t a l , 1927; Csirruthers e t al., 
1930; F o w l e r , 1936; T r o t t e r and H o l l i n g w o r t h , 1932; Dunham, 1948), Smith 
(1912), Hedley and Waite (1928) and Johnson (1959). At a few l o c a l i t i e s a 
c e r t a i n amount o f o r i g i n a l f i e l d - w o r k has been c a r r i e d out amd, i n a d d i t i o n , 
t h e a u t h o r a s s i s t e d i n t h e l o g g i n g o f boreh o l e s d r i l l e d d u r i n g the r e -
opening o f F a l l o w f i e l d W i t h e r i t e Mine i n 1959. A l l these sources have been 
used t o c o m p i l e the s y n t h e s i s w hich f o l l o w s . 
Thickness V a r i a t i o n 
The r a p i d t h i c k e n i n g o f the beds p a s s i n g from the n o r t h e r n p a r t o f the 
A l s t o n B l o c k i n t o the s o u t h e r n p a r t o f the Northiunbrian Trough i s i l l u s -
t r a t e d on P l a t e I I I . Thus, i n a d i s t a n c e o f between f i v e and t e n m i l e s 
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F i g . 30. • 
G e n e r a l i z e d s e c t i o n s o f t h e Great Cyclothem sequence above the 
b a s a l l i m e s t o n e i n t h e N o r t h u m b r i a n Trough. Legend as F i g . 19. 
( a ) S o u t h e r n r e g i o n . 
( b ) C e n t r a l r e g i o n . 
( c ) N o r t h e r n r e g i o n . 
F i g . 30. 
(a) 
Little Limestone 
Snope Bum Band 
Scole 
o 
Great Sandstone 
Great Shale 
Great Limestone 
a c r o s s the S t u b l i c k F a u l t s , there i s a northward thickening from 75 f e e t 
on the Block to at l e a s t 200 f e e t i n the Trough. North-north-east of 
F a l l o w f i e l d , which l i e s i n the southern part of the Trough, no information 
regarding the f u l l t h i c k n e s s of the beds e x i s t s u n t i l the Brinkburn E s t a t e 
f l a n k i n g the R i v e r Coquet i s reached. Here, a general s e c t i o n , probably-
taken from one of the Chirm p i t s , gives a thickness of 180 f e e t for the 
s u c c e s s i o n . However, i n the region to the north of the R i v e r Coquet, 
between Hazon and Alnmouth, s e v e r a l borehole s e c t i o n s i n d i c a t e that there 
i s a d i s t i n c t thinning of the sequence as compared with that found f a r t h e r 
south i n the Trough. I n t h i s region north of the Coquet a Tumbler Bed 
l i t h o l o g y often r e p l a c e s a considerable proportion of the lower part of 
the t h i c k s h a l e at the base of the sequence (see Great Limestone chapter), 
but even i f the Tumbler Beds are counted as part of the sequence under 
c o n s i d e r a t i o n some thinning i s s t i l l apparent. I f the Tumbler Beds are 
considered as part of t h i s s u c c e s s i o n there i s a v a r i a t i o n i n t h i c k n e s s of 
between 13^ f e e t and 175 f e e t . On the other hand, i f the Tumbler Beds are 
taken as p a r t of the Great Limestone, which i s more c o r r e c t , the succession 
v a r i e s i n t h i c k n e s s between 8^ f e e t and 13^ f e e t , with an average of 99 
f e e t . S l i g h t l y f a r t h e r north i n Howick Burn, west of Howick, a s i m i l a r 
s i t u a t i o n to the above e x i s t s , the r e s p e c t i v e thicknesses being 159 feet 
(counting the Tumbler Beds i n t h i s sequence) and 126 f e e t (coiinting the 
Tumbler Beds as part of the Great Limestone). Thus, i n the region north 
of the Coquet, although there i s an i r r e g u l a r and considerable v a r i a t i o n i n 
the t h i c k n e s s of the sequence, i t i s d e f i n i t e l y thinner o v e r a l l than f a r t h e r 
south. I t seems apparent, therefore, that a f t e r the i n i t i a l r apid thicken-
i n g i n the southern part of the Trough there i s a northward thinning from 
somewhere north of F a l l o w f i e l d towards the region between the R i v e r s Coquet 
and Aln. Whether the t h i n n i n g i s gradual or i r r e g u l a r cannot be ascertained 
from e x i s t i n g information, but the e f f e c t seems to continue northwards since 
i n the Lowick area, towards the northern extremity of the Northumbrian 
Trough c l o s e to the Southern Uplands Massif, the sequence i s only 92 f e e t 
t h i c k . 
The borehole s e c t i o n s from between Hazon eind Alnmouth i l l u s t r a t e that 
there can be a considerable l o c a l v a r i a t i o n i n the thickness of the sequence. 
However, the v a r i a t i o n here i s caused to some extent by the v a r i a b l e develop-
ment of the Tiunbler Beds, whereas i n the F a l l o w f i e l d Mine workings a v a r i -
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a t i o n i n t h i c k n e s s of between I58 f e e t and 248 f e e t w i t h i n l e s s than one 
m i l e has been proved where the above f a c t o r i s not operative. L o c a l v a r i -
a t i o n i n t h i c k n e s s s i m i l a r to the above probably takes place over the whole 
a r e a but i t has not become evident because of the paucity of d e t a i l e d 
information. I n such circumstances the isopachytes drawn on P l a t e I I I for 
the southern part of the Trough must be considerably i d e a l i s e d . 
Important f a c t o r s p e r t a i n i n g to the r e g i o n a l thickness v a r i a t i o n i n 
the Trough are as f o l l o w s : -
( i ) The S t u b l i c k F a u l t System, which forms the boundary 
between the northern margin of the Alston Block and the 
southern part of the Northumbrian Trough, must have acted 
as a contemperaneous h i n g e - l i n e separating an area of t h i n 
sedimentation on the Block from a basin of t h i c k sedimentation 
i n the southern part of the Trough. Thus, greater subsidence 
must have been p o s s i b l e i n the Trough allowing the accumulation 
of s t r a t a which compacted are three times as t h i c k as t h e i r 
e q u i valents on the adjacent Block. Here, i t might be mentioned 
t h a t the i n c r e a s e i n t h i c k n e s s of uncompacted sediments would 
have been even greater than t h r e e - f o l d due to the presence of 
g r e a t e r t h i c k n e s s e s of c o a l and shale (with high compaction 
f a c t o r s f o r t h e i r o r i g i n a l c o n s t i t u e n t s ) i n the Trough suc c e s s -
i o n as compared with that of the Block. Passing from the 
region of r a p i d thickening of the sediments i n the southern 
p a r t of the Trough there appears to be a general northward 
t h i n n i n g towards the Southern Uplands Massif which survived 
as a p o s i t i v e b e l t throughout Carboniferous times. Complete 
d e t a i l s of t h i s t h i n n i n g are not a v a i l a b l e , but from the e v i -
dence at hand i t seems to be r e l a t i v e l y uncomplicated and 
unaffected by the t e c t o n i c s u b - d i v i s i o n s of the Trough (Mid-
Northumbrian Trough, Cheviot "Block" and Berwick Trough) 
mentioned p r e v i o u s l y , whereas Carboniferous sediments e a r l i e r 
than the Scremerston Coal Group a r e . 
( i i ) A contributory f a c t o r i n the thickening across the 
S t u b l i c k F a u l t s i s the progressive northward replacement of 
the Great Limestone top by shale passing from Block to Trough, 
as shown i n F i g . 13. T h i s i n v o l v e s the upper 20 to 30 f e e t 
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of the Great Limestone on the Block being represented by 
sheile i n the southern part of the Trough. As a r e s u l t , the 
Tumbler Beds of the Block disappear, but a s i m i l a r l i t h -
ology i s developed a t a lov;er horizon i n the upper part of 
the limestone of the Trough (see F i g . 1 3 ) . Thus, i n the 
southern part of the Trough the sequence gains some 20 to 
30 f e e t i n t h i c k n e s s at the expense of the Great Limestone. 
However, f a r t h e r north, i n the region between the R i v e r 
Wansbeck and Beadnell, the p o s i t i o n i s reversed since the 
lower part of the shsile above the normgO. limestone top 
contains l e n t i c u l a r Tumbler Bed developments which reduce 
the t h i c k n e s s of the sequence by a maximum of 66 f e e t (see 
Great Limestone chapter f o r d e t a i l s ) . T h i s replacement by 
Tiunbler Beds of the lower pairt of the shale above the normal 
Great Limestone top causes an i r r e g u l a r thinning of the 
sequence which i s g r e a t e s t i n magnitude and i r r e g u l a r i t y i n 
the a r e a between the R i v e r Coquet and Hov;ick. However, 
even i f the Tumbler Beds were not present there would s t i l l 
be a general thinning of the sequence northwards, as has 
been shown above, so that a l l the presence of t h i s l i t h o l o g y 
s e r v e s to do i s emphasize the thinning and introduce greater 
i r r e g u l a r i t y to the t h i c k n e s s v a r i a t i o n . _ 
( i i i ) I t has a l r e a d y been shown how, passing from the Block 
i n t o the Trough, the equivalent of the Low Coal S i l l s p l i t s 
i n t o two components and expands very considerably i n t h i c k -
ness (see Alston Block s e c t i o n ) . The lower component 
consiAs of sandstone which i s g e n e r a l l y capped by the Snope 
Burn Marine Band; above t h i s up to the equivalent of the Low 
Coal S i l l c oal the beds are g e n e r a l l y comprised of sandy 
s h a l e . Below the Low Coal S i l l horizon the Great Shale a l s o 
t h i c k e n s appreciably, p a r t l y by r e p l a c i n g the Great Limestone 
top; and a l s o by an o v e r a l l sedimentological i n c r e a s e . These 
expansions i n t h i c k n e s s have the e f f e c t of considerably 
i n c r e a s i n g the proportion of the complete sequence formed 
by the beds between the Great Limestone top and the Low Coal 
S i l l c o a l or i t s equivalent i n the Trough as compared with 
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the A l s t o n Block, s i n c e there i s no great d i f f e r e n c e i n the 
th i c k n e s s of the part of the sequence above the l a t t e r 
horizon i n e i t h e r region. However, i t must be noted that 
i n the Trough i t i s sometimes impossible to e x a c t l y divide 
the sequence as above because of the absence or non-exposure 
of the Low Coal S i l l c o a l equivalent. Nevertheless, i n such 
circvimstances the approximate proportion of the complete 
sequence formed by the beds between the above horizons can 
be obtained by reasonable i n t e r p o l a t i o n . A summary of the 
var i o u s proportions on the Alston Block smd i n the Northum-
b r i a n Trough i s given i n Table V I . 
Table VI 
Proportions of the complete sequence formed by the beds 
between the Great Limestone top and the Low Coal S i l l 
c o a l or i t s equivalent i n the various parts of 
the Alston Block and the Northumbrian Trough. 
Range i n proportion Average Proportion 
Region (per cent) (per cent) 
Alston Block 
Major part 23-55 33 
North-west p a r t 58-79 68 
Northumbrian Trough 
Betide en Brampton and 
Haydon Bridge 69-76 73 
F a l l o w f i e l d D i s t r i c t - 86 
Howick D i s t r i c t 56-69 61 
Lowick D i s t r i c t - 6I 
Table VI i l l u s t r a t e s the markedly i n c r e a s e d proportion of the 
complete sequence formed by the lower beds i n the Trough as 
compared with the major part of the Block, the north-west 
extremity of the Block being more comparable with the Trough, 
however. The highest o v e r a l l proportion i s found i n the 
southern part of the Trough, the maximxan proportion being 
a t t a i n e d i n the F a l l o w f i e l d d i s t r i c t . Beyond t h i s there 
appears to be a northward decrease i n the proportion which 
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accompanies the northward thinning of the complete sequence. 
However, nowhere i n the Trough does the proportion f a l l as 
low as that on the major part of the Alston Block. 
I n the above r e s p e c t , the h i s t o r y of the e s s e n t i s i l l y 
non-calcareous part of the cyclothem i n d i r e c t l y r e f l e c t s the 
h i s t o r y of the complete period of Lower Carboniferous sedimen-
t a t i o n a s f a r a s the Northumbrian Trough and the Alston Block 
are concerned, s i n c e during esirly Vis^an times (from C^, S^ 
times onwards) a great t h i c k n e s s of sediment was l a i d down i n 
the Trough whereas the Block only r e c e i v e d a t h i n veneer ( i f 
any) of sediment, something approaching an equilibrium only 
being a t t a i n e d some time a f t e r the Block was completely sub-
merged i n l a t e r V i s ^ a n times (towards the clo s e of S2 t i m e s ) . 
I t i s only an i n d i r e c t r e f l e c t i o n , however, s i n c e the s i m i -
l a r i t i e s were not derived i n e x a c t l y the same way. 
Str a t i g r a p h y 
The base of the s u c c e s s i o n i s formed by the diachronous top of the 
Great Limestone, the l a t t e r being known as the Dryburn Limestone at the 
northern extremity of the region i n the Lowick d i s t r i c t . I n the southern 
p a r t of the region the top of the sequence i s defined by the base of the 
Upper L i t t l e Limestone. F a r t h e r north, between the River Coquet and 
Beadnell, t h i s limestone i s represented by the t h i n Cushat Limestone 
(Summ. Prog. G.S.G.B., 1923)' However, i n the detached Lowick d i s t r i c t , 
even f a r t h e r north, there appears to be some confusion regarding the rep-
r e s e n t a t i v e of the Cushat Limestone s i n c e , on the b a s i s of l i t h o l o g y and a 
f a c i e s fauna, i t has been s t a t e d (Summ. Prog, G.S.G.B., 1923) that the 
L i c k a r Limestone of the Lowick area, which l i e s only 92 feet above the 
Dryburn (= Great) Limestone, i s equivalent to the L i c k a r Limestone of the 
Howick d i s t r i c t , which l i e s some ^80 f e e t above the Great Limestone. Con-
sequently, i t seems very l i k e l y that t h i s i s a m i s - c o r r e l a t i o n and that the 
Cushat Limestone, which l i e s a considerable distance below the L i c k a r 
Limestone of the Howick d i s t r i c t , i s represented by the s o - c a l l e d L i c k a r 
Limestone i n the Lowick region, as o r i g i n a l l y postulated by Stanley 
Smith (1912). 
The key to the c o r r e l a t i o n of the south Northumbrian Trough su c c e s s -
i o n w i t h t h a t found on the Alston Block has already been s t r e s s e d . I t 
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l i e s i n the s p l i t t i n g of the Low Coal S i l l of the Alston Block i n t o two 
components i n the Trough. The lower component i s a t h i c k sandstone which 
i s capped by the Snope Burn Marine Bcind, w h i l s t the upper one i s comprised 
of the beds between the marine band and the Low Coal S i l l c o a l r e p r e s -
e n t a t i v e , the l a t t e r only being i m p e r s i s t e n t l y developed, however, so that 
d e l i m i t a t i o n i s fr e q u e n t l y impossible. 
The sequence begins with a t h i c k shale s u c c e s s i o n known as the Great 
S h a l e . R e g i o n a l l y t h i s s h a l e i s t h i c k e s t i n the southern part of the 
Trough and i t t h i n s northward; however, the northward r e g i o n a l thinning 
i s complicated and emphasized i n the area betv/een the River Coquet and 
Beadnell s i n c e the lower p a r t of the shale i s e x t e n s i v e l y replaced by 
Tumbler Beds which are developed above the normal Great Limestone- top. 
Over much of the region the lower part of the shale i s r i c h l y f o s s i l i f -
erous, but there are p l a c e s where i t i s v i r t u a l l y barren, and i n the area 
where the abnormal development of Tumbler Beds i s present the lower part of 
the s h a l e i s not f o s s i l i f e r o u s s i n c e the Tumbler Beds probably represent 
the f o s s i l i f e r o u s phase of the s h a l e . I n i t s upper part the shale becomes 
sandy and i n v a r i a b l y i t grades i n t o the ove r l y i n g sandstone. 
T h i s sandstone, which i s w e l l developed throughout the region, i s 
known as the Great Sandstone. I t i s t h i c k e s t i n the area around Fallow-
f i e l d i n the southern part of the Trough but, l i k e the Great Shale and 
the complete sequence, a f t e r maintaining i t s thickness f or some distance 
i t t h i n s p r o g r e s s i v e l y northwards; aQ.so, i n the area to the west-south-
west of F a l l o w f i e l d the sandstone i s p e r s i s t e n t but not nea r l y so t h i c k 
o v e r a l l . Everywhere i t has a gradational base and can be c l a s s e d as a 
sheet sandstone. At the base i t i s f i n e grained and may be shaly, but i t 
l o s e s t h i s c h a r a c t e r and becomes medium or medium to coarse grained up-
wards; however, at the very top i t tends to become f i n e grained again. 
U s u a l l y the sajidstone i s most massive where i t i s t h i c k e s t and elsewhere 
i t has a v a r i a b l e flaggy to massive c h a r a c t e r . Cross-bedding, ripple-mark-
ings (causing c u r l y bedding), slump s t r u c t u r e s and occasional load-cast 
s t r u c t u r e s have a l l been observed i n the sandstone, the f i r s t two most 
commonly. I n addit i o n , a t h i n interbedded c o a l - s h a l e sequence has been 
proved c l o s e to the top of the sandstone at one l o c a l i t y i n the southern 
part of the Trough, and a t a few i s o l a t e d l o c a l i t i e s l e n t i c u l a r f o s s i l i f -
erous and/or limy horizons have been found within i t . 
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I n the southern part of the Trough the sandstone i s often immed-
i a t e l y o v e r l a i n by the Snope Burn Marine Band i n t o which i t grades; north 
of Kirkheaton the Snope Burn Band i s not developed however, and the sand-
stone u s u a l l y grades imperceptibly i n t o the o v e r l y i n g shale, sandstone and 
c o a l sequence. As mentioned above, the Snope Burn Marine Band o v e r l i e s 
the Great Sandstone i n the southern part of the Trough but i t i s not known 
north of Kirkheaton, Although i t has been recorded at many l o c a l i t i e s i n 
the southern pao-t of the Trough the band would nevertheless appear to be 
somewhat l e n t i c u l a r . G e n e r a l l y i t i s comprised of s p a r s e l y c r i n o i d a l 
sandy limestone, but i t may be represented by ferruginous c l a y apparently, 
and where i t i s t h i c k e s t i n the F a l l o w f i e l d region i t r e a l l y becomes a 
marine s e r i e s with considerable l a t e r a l and v e r t i c a l v a r i a t i o n i n l i t h -
ology. 
The remainder of the sequence up to the L i t t l e (= Cushat = L i c k s i r ) 
Limestone i s made up of a v a r i a b l e s e r i e s comprised of repeated or modified 
rhythms of s h a l e , sandy s h a l e , s h a l y sandstone, sandstone, the occasional 
marine band, r a r e f i r e c l a y s and c o a l , with much l a t e r a l passage from one 
to another of the f i r s t four named l i t h o l o g i e s . There i s a s l i g h t regional 
t h i n n i n g of t h i s part of the sequence northwards, but i t i s not marked, and 
the minimiim t h i c k n e s s i s found i n the F a l l o w f i e l d region i n the southern 
p a r t of the Trough, The s h a l e components are quite normal and grade up-
wards or pass l a t e r a l l y by way of sandy shale and shaly sandstone i n t o 
sandstone. Ironstone nodules are common i n the s h a l e s of the c e n t r a l 
r egion but are only s c a t t e r e d elsewhere. The sandstones are g e n e r a l l y of 
the sheet type grading up from the underlying s h a l e by way of shaly sand-
stone to a f i n e grained l i t h o l o g y and then to a f i n e to medium or medium 
grained l i t h o l o g y . However, these sheet sandstones are generally quite 
l e n t i c u l a r and they do not have the extensive spread of the Alston Block 
sheet sandstones; n e v e r t h e l e s s , there i s a r e l a t i v e l y p e r s i s t e n t sandstone 
immediately underlying the High Coal S i l l c o a l equivalent i n the southern 
p a r t of the Trough, Not a l l the sandstones are of the sheet type s i n c e 
very o c c a s i o n a l l y washouts have been recorded. However, these xirashouts 
have not been t r a c e d f o r any distance because of poor exposure. Some of 
the washouts are probably at the same horizon as those of the channel 
system on the Block; on the other hand, one of the washouts i s d e f i n i t e l y 
at a higher horizon than the above. That marine or quasi-marine conditions 
- 137 -
p r e v a i l e d at l e a s t i n p l a c e s some time during the formation of t h i s part 
of the sequence i s i l l u s t r a t e d by the presence of r a r e t h i n limestone 
bands and f o s s i l i f e r o u s s h a l e , the l a t t e r being e s p e c i a l l y found immed-
i a t e l y or c l o s e l y o v e r l y i n g the High Coal S i l l c o a l equivalent. Horizons 
with pla n t r o o t l e t s i n s i t u , u s u a l l y at the top of sandstones but a l s o i n 
s h a l e , are not uncommon; f i r e c l a y i s a l s o developed o c c a s i o n a l l y . Both of 
the above are i n d i c a t i v e of previous plant growth and often, though not 
i n v a r i a b l y , are o v e r l a i n or i n t i m a t e l y a s s o c i a t e d with a coal seam. Coal 
seams are the most important components of the sequence both s t r a t i g r a p h -
i c a l l y and economically s i n c e they are developed over the whole region and 
are g e n e r a l l y t h i c k , there being a r e g i o n a l thickening of the c o a l s passing 
from the Block i n t o the Trough. The seams are best developed i n the south-
ern and northern p a r t s of the region w h i l s t they are l e s s prominent i n the 
c e n t r a l a r e a . P l a t e V i l l u s t r a t e s the above points and a l s o shows that 
over most of the region the number of seams v a r i e s from one to three, except 
i n the Lowick d i s t r i c t where there may be four. T h i s v a r i a t i o n i n the 
number of seams a r i s e s from s p l i t t i n g or coalescence and attenuation or 
" p u t t i n g i n " of i n d i v i d u a l seams; obviously such phenomena a l s o a f f e c t the 
t h i c k n e s s of the seams s i n c e where two coalesce a t h i c k e r composite seam 
w i l l obviously r e s u l t and v i c e v e r s a . P r e v i o u s l y the c o a l s were knoiirn 
c o l l e c t i v e l y as the L i t t l e Limestone c o a l s i n the southern part of the 
Trough and the L i c k a r c o a l s i n the Lowick d i s t r i c t , no attempt to c o r r e l a t e 
the seams w i t h the Low Coal S i l l , High Coal S i l l and V/hite Hazle or L i t t l e 
Limestone c o a l s of the Alston Block having been made; such a c o r r e l a t i o n 
i s attempted on P l a t e V which i s s e l f - e x p l a n a t o r y . P l a t e V a l s o shows the 
t h i c k n e s s and r e l a t i v e p o s i t i o n s of the seams i n the sequence and, as can 
be seen, the High Coal S i l l c o a l equivalent i s generally the most prominent 
and p e r s i s t e n t , although the other seams are sometimes important l o c a l l y . 
Thin bands of impurity, u s u a l l y of s h a l e but o c c a s i o n a l l y sandstone, are 
often present i n the seams, but the main part of them i s generally composed 
of good q u a l i t y bituminous c o a l . Because of t h e i r t h i c k n e s s , coupled with 
t h e i r q u a l i t y , the seams have been e x t e n s i v e l y wrought i n former times, 
p a r t i c i i l a r l y i n the South Tyne V a l l e y and the Lowick d i s t r i c t . 
F u r t h e r d e t a i l s of the complete succession are given below i n order to 
expand the above summary. 
The Great Shale.- The s h a l e sequence so named by T r o t t e r and H o l l i n g -
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worth (1927 and 1932) immediately o v e r l i e s the Great Limestone. I n the 
southern p a r t of the region i t v a r i e s between a t h i c k n e s s of 30 f e e t 
recorded i n the Howard P i t Borehole ( P I . IV, 101) and the 9^ f e e t t h i c k -
ness proved i n Chineley Burn ( P I . IV, 104). Normally the t h i c k n e s s does 
not f a l l below 55 f e e t i n t h i s area and the average i s of the order of 7^ 
f e e t . North of F a l l o w f i e l d , there i s no information a v a i l a b l e regarding 
the t h i c k n e s s of the beds u n t i l the Brinkburn P r i o r y area where the shale 
has been recorded as 60 f e e t t h i c k ( P I . IV, 109); i t would thus seem reason-
able to assume that a l a r g e t h i c k n e s s i s maintadLned northward from the 
southern p a r t of the Trough as f a r as the above l o c a l i t y . However, beyond 
the R i v e r Coquet as f a r north a^ Beadnell, the lower part of the Great Shale 
i s e x t e n s i v e l y replaced by Tumbler Beds. As a r e s u l t of t h i s , the shale 
v a r i e s from n i l to 30 f e e t i n t h i c k n e s s , the minimum thickness occurring i n 
the Broomhill Deep Borehole ( P l . IV, 110), where the shale i s completely 
r e p l a c e d by Tumbler Beds, and the maximiun i n S h i l b o t t l e C o l l i e r y Borehole 
No. k ( P I . IV, 1 l 4 ) , where no Tumbler Beds of consequence are developed. 
The average t h i c k n e s s of the s h a l e i n t h i s region i s around 8 f e e t , as i n 
the Hazon Lee Water Borehole ( P l . IV, 111), the abnormally h i ^ and low 
t h i c k n e s s e s apparently being l o c a l developments. North of Beadnell i n the 
Lowick d i s t r i c t , the exact t h i c k n e s s of the shale sequence i s not known but 
i t i s probably around 25 f e e t , no t h i c k Tumbler Beds being present. Thus, 
the s h a l e i s t h i c k e s t i n the southern part of the region and there i s a 
p r o g r e s s i v e r e g i o n a l t h i n n i n g northwards which i s complicated and empha-
s i z e d by the abnormal development of Tumbler Beds i n the area between the 
R i v e r Coquet and Beadnell, 
The lower part of the t h i c k shale succession i n the southern peirt of 
the Trough i s r i c h l y f o s s i l i f e r o u s i n many cases. T h i s i s not s u r p r i s i n g 
s i n c e i t i s t h i s part of the sequence which i s almost c e r t a i n l y equivalent 
to the upper part of the Great Limestone of the Block and the t h i c k Tumbler 
Bed sequence a t the top of the Great Limestone of the area to the north of 
the R i v e r Coquet, There are some p l a c e s i n the southern region where the 
lower part of the t h i c k s h a l e succession i s v i r t u a l l y barren, however. 
T h i s might be taken to i n d i c a t e that there were d i f f e r e n t l o c a l environ-
mental conditions i n force during the formation of the shale, p o s s i b l y 
l a r g e l y i n f l u e n c e d by c u r r e n t a c t i v i t y which could account for such a 
d i s t r i b u t i o n of the f o s s i l s alone. Johnson (1953) found that the follow-
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i n g forms were common and p e r s i s t e n t members of the fauna i n the southern 
p a r t of the Trough:-
Chonetes h a r d r e n s i s group P h i l l i p s , Eomarginifera lobatus 
( J . Sowerby), D i c t y o c l o s t u s p u g i l i s ( P h i l l i p s ) , Rhipidomella 
m i c h e l i n i ( L e v e i l l e ) , Leptaena analoga P h i l l i p s , mucronate 
t r i l o b i t e s , c r i n o i d o s s i c l e s . 
The r i c h l y f o s s i l i f e r o u s nature of the lower part of the shale succession 
i s known to p e r s i s t as f a r north as a short distance beyond Greenleighton 
where, near Low Hesleyhurst, the following fauna has been recorded:-
S p i r i f e r b i s u l c a t u s J . de C. Sov;erby group, S p i r i f e r t r i g o n a l i s 
( M a r t i n ) , S p i r i f e r e l l i n a o c t o p l i c a t a ( j . de C. Sowerby), Pinna 
f l a b e l l i f o r m i s ( M a r t i n ) , A t h y r i s sp., P u s t u l a sp., Productus 
sp., F e n e s t e l l a sp. 
The fauna from the shale above the Great Limestone i n Greenleighton Quarry 
has a l r e a d y been mentioned i n Chapter I I . For the area beyond t h i s , l i t t l e 
i nformation i s a t hand. However, i t seems l i k e l y that i n the area to the 
north of the R i v e r Coquet the Tumbler Beds represent the f o s s i l i f e r o u s 
phase of the s h a l e . On the other hand, the shale immediately above the 
Dryburn (= Great) Limestone i n the Lowick d i s t r i c t i s f o s s i l i f e r o u s 
apparently. 
Upwards, the shale becomes d i s t i n c t l y micaceous and often i t contains 
ironstone nodules to a greater or l e s s extent. A sandy nature i s gradually 
developed i n the upper part and there i s a gradation by way of sandy shale, 
grey beds and f l a g s i n t o the samdstone which i n v a r i a b l y o v e r l i e s the Great 
S h a l e . 
The Great Sandstone.- The sandstone succeeding the Great Shale has 
been peurticularized as above s i n c e i t i s an important member of the Great 
Cyclothem of t h i s region, e s p e c i a l l y i n the south where i t frequently forms 
prominent topographic featxxres. I n the North Tyne d i s t r i c t i t has a l s o 
been named the Black Pasture S i l l (or Stone) a f t e r a l o c a l i t y where i t was 
formerly quarried as a b u i l d i n g stone (Lebour, 18?^; Hedley and Waite 
1928). I n the southern part of the Trough the sandstone top i s delimited 
by the Snope Burn Band which immediately o v e r l i e s i t . Unfortunately, the 
Snope Burn Band only p e r s i s t s a short distance north of the l a t i t u d e of 
Kirkheaton, so that f a r t h e r north the top of the sandstone i s not c l e a r l y 
defined. Nevertheless, the prominent sandstone l y i n g immediately above 
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the Great Shale f a r t h e r north can be reasonably s a t i s f a c t o r i l y c o r r e l a t e d 
with the sandstone of the south. 
I n the southern psirt of the Trough the Great Sandstone normally v a r i e s 
i n t h i c k n e s s between a minimum of 11 f e e t found a t Reaygarth C o l l i e r y 
( P l . IV, 103), and a maximum of 37 f e e t encountered i n the Denton F e l l 
Borehole ( P l . IV, 102), the average t h i c k n e s s being about 22 f e e t . How-
ever, i n the F a l l o w f i e l d region there i s a considerable i n c r e a s e i n t h i c k -
ness to a maximum of 1l4 f e e t ( P l . IV, IO6), the minimum being 59 f e e t 
( P l . IV, 107), I n some cases the low thicknesses of the sandstone i n the 
southern part of the Trough appear to be developed a t the expense of the 
und e r l y i n g s h a l e which becomes correspondingly t h i c k e r . On the other hand, 
the converse does not exp l a i n the thickening of the sandstone i n the 
F a l l o w f i e l d region s i n c e the underlying shale maintains i t s larg e t h i c k -
ness; the probable explanation of t h i s thickening would seem to l i e i n 
gr e a t e r subsidence a l l o w i n g a t h i c k e r accumulation of sandy sediment i n 
the F a l l o w f i e l d a rea s i n c e the l a t t e r region i s s i t u a t e d somewhat f a r t h e r 
i n t o the Trough than the r e s t of the southern area. Whether the l a r g e 
t h i c k n e s s of the F a l l o w f i e l d a rea i s p e r s i s t e n t l y maintained for any 
di s t a n c e north i s not known f o r c e r t a i n , but i t seems l i k e l y s i n c e the 
sandstone has been recorded as 72 f e e t t h i c k i n the v i c i n i t y of Brinkburn 
P r i o r y ( P l . IV, 109) and i t i s known to form prominent features at places 
between the two l o c a l i t i e s . Northwards from Brinkburn Priory there i s a 
th i n n i n g of the sandstone s i n c e i n the area between the Rive r Coquet and 
Beadnell i t v a r i e s between a thickness of 20 f e e t proved i n S h i l b o t t l e 
C o l l i e r y Borehole No, 5 ( P l . IV, 115) and a thi c k n e s s of 53 f e e t encountered 
i n S h i l b o t t l e C o l l i e r y Borehole No. k ( P l . IV, 1 l 4 ) , the average thickness 
being around 33 f e e t , as found i n the Hazon Borehole ( P l . IV, 112). Some 
of t h i s t h i c k n e s s v a r i a t i o n could be apparent due to the sandstone top 
not being d e f i n i t e l y d e limited; however, the r e l a t i v e l y constant thickness 
of the beds between the horizon taken as the sandstone top and the Cushat 
(= L i t t l e ) Limestone base, which only vary between 51 feet and 60 feet i n 
t h i c k n e s s , would not support such a postulate; on the other hand, i f the 
t h i n and s p o r a d i c a l l y developed coeil seams below the main c o a l of t h i s 
region are c o r r e l a t a b l e , as seems very l i k e l y , they i n d i c a t e some diach-
ronism of the Great Sandstone top which has simply been taken to l i e at 
the top of the f i r s t massive sandstone i n the absence of any more d e f i n i t e 
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d e l i m i t a t i o n . The exact t h i c k n e s s of the sandstone i n the Lowick d i s t r i c t 
i s unknown but i t c e r t a i n l y does not exceed the average thickness f or the 
R i v e r Coquet - Beadnell region and i s probably about 20 f e e t t h i c k . From 
the above i t can be seen that the t h i c k e s t development of the sandstone 
i s i n the F a l l o w f i e l d region; i n the remainder of the southern part of the 
Trough to the west-south-west of t h i s the sandstone i s p e r s i s t e n t l y and 
w e l l developed but not n e a r l y as prominent. North of F a l l o w f i e l d the thick-
ness appears to p e r s i s t f o r some distance and then there i s a progressive 
r e g i o n a l t h i n n i n g of i t . 
I t would appear that the Great Sandstone has a gradational base every-
where and, therefore, i t can be c l a s s e d as a sheet seindstone as opposed to 
a washout sandstone, despite i t s great thickness i n the area siround Fallow-
f i e l d , A coarse grained quartzose g r i t which o v e r l i e s the Great Limestone 
i n the region to the south and east of Harlaw H i l l , west of Long Houghton, 
could be a washout sandstone, but i t i s probably r e l a t e d to a higher 
horizon than the Great Sandstone and w i l l be mentioned l a t e r . 
I n i t s lower part the sandstone i s f i n e grained with a tendency to 
be s h a l y , often being p a r t l y comprised of sandy grey beds. Upwards, the 
gr a i n s i z e i n c r e a s e s and the shaly character v i r t u a l l y disappears, the main 
body of the sandstone g e n e r a l l y being medium grained and sometimes medium 
to coarse grained. Where best developed, e s p e c i a l l y i n the v i c i n i t y of 
F a l l o w f i e l d where i t was formerly worked as a b u i l d i n g stone, t h i s main 
part of the sandstone i s massive and only broken up by occasional t h i n , 
very micaceous s h a l y p a r t i n g s ; elsewhere, i t tends to be more flaggy, often 
contains more prominent s h a l y bamds and i s , therefore, only p a r t l y massive. 
The upper-most part of the sandstone i s often f i n e grained, tends to be 
flaggy and i n some cases i s formed p a r t l y of grey beds. I n the Broken-
heugh Borehole ( P l . IV, 105) a 2 f e e t k inches t h i c k shaly sequence contain-
i n g t h i n l a y e r s of c o a l was proved 3 f e e t 6 inches below the sandstone top. 
T h i s occurrence of coa l w i t h i n the sandstone appears to be an i s o l a t e d one 
but a 2 inches t h i c k cocil seam immediately o v e r l i e s the top of the 53 feet 
t h i c k sandstone i n S h i l b o t t l e C o l l i e r y Borehole No. k ( P I . IV, 114). How-
ever, i n t h i s l a t t e r case the p o s i t i o n of the coal i s probably due to a 
dia c h r o n i c nature of the sandstone top, s i n c e i n the adjacent S h i l b o t t l e 
C o l l i e r y Borehole No. 5 ( P l , IV, 115) and other boreholes the probable 
equivalent of the t h i n c o a l l i e s some distance above the massive sandstone 
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top, the two being separated by interbedded sandstones and s h a l e s . The 
t h i n c o a l seam i s thus a component of the o v e r l y i n g s e r i e s of beds; a l s o , 
the top of the massive sandstone i n S h i l b o t t l e C o l l i e r y Borehole No. k 
should probably be considered as part of the o v e r l y i n g succession s i n c e i t 
r e p r e s e n t s beds which are so grouped at other l o c a l i t i e s . 
The sandstone i s often cross-bedded, e s p e c i a l l y i n the more massive 
middle p a r t , but i n d i v i d u a l u n i t s are t h i n . Curly bedding caused by i n t e r -
f e r i n g r i p p l e s i s a l s o a reasonably common feature, p a r t i c u l a r l y i n the 
lower part of the sandstone. I n add i t i o n , o c c a s i o n a l b a l l slump s t r u c t u r e s 
are present towards the base of the sandstone where there i s a tendency 
towards a s h a l y nature. Such s t r u c t u r e s are a l s o found i n the F a l l o w f i e l d 
region towards the top of the sandstone where the l a t t e r i s grading upwards 
i n t o the Snope Burn Band. Small lo a d - c a s t s t r u c t u r e s a l s o o c c a s i o n a l l y 
occur i n p l a c e s where the sandstone has a shaly character. 
Close to Brunton Bank Quarry, north of F a l l o w f i e l d , a prominent f o s s i l -
i f e r o u s band occurs i n the middle of the sandstone. This band contains 
S c h e l l v / i e n e l l a rotundata I . Thomas i n profusion and numerous c r i n o i d oss-
i c l e s of v a r i o u s s i z e s ; i t i s probably equivalent to the 9 f e e t t h i c k lime-
stone band recorded i n the F a l l o w f i e l d S i n k i n g ( P l . IV, 106). The band i s 
obviously l e n t i c u l a r s i n c e i t has not been recorded over a wide region and, 
i n point of f a c t , was not encountered i n the recent F a l l o w f i e l d d r i l l i n g 
programme ( P l . IV, 108). However, a t h i n limy band was proved w i t h i n the 
sandstone i n two of the nine boreholes ( P l . IV, 110 and 113) put down i n 
the c e n t r a l region of the Trough. 
The sandstone almost i n v a r i a b l y grades upwards i n t o the overlying beds 
and i n the southern pairt of the Trough i t tends to become calcareous i n 
p a s s i n g .into the Snope Burn Band. F a r t h e r north, where the l a t t e r i s not 
developed, the massive sandstone u s u a l l y grades imperceptibly i n t o the over-
l y i n g interbedded s h a l e , sandy s h a l e , sandstone and co a l sequence. How-
ever, i n S h i l b o t t l e C o l l i e r y Borehole No. k ( P l . IV, 1l4) the sandstone 
might be taken as having a sharp top s i n c e massive sandstone i s immediately 
o v e r l a i n by a t h i n coal seam, but, as already pointed out, some of the 
massive sandstone below the seam i s r e a l l y equivalent to interbedded shale 
and sandstone elsewhere. 
The Snope Burn Band,- T h i s marine band was so named by T r o t t e r and 
Hollingworth (1927 and 1932) s i n c e i t i s w e l l developed as a sandy lime-
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stone i n Snope Burn, a t r i b u t a r y of the R i v e r South Tyne i n the north-west 
part of the Alston Block which has been described e a r l i e r . The r e l a t i v e l y 
p e r s i s t e n t development i n the north-west part of the Block appears to 
continue i n t o the Trough s i n c e the band has been recorded at severgil l o c e i l -
i t i e s p a s s i n g from west-south-west to east-north-east between T a l k i n and 
Matfen i n the southern part of the Trough; i t a l s o p e r s i s t s a short distance 
north of Matfen s i n c e i t has been recorded as f a r as a point s l i g h t l y north 
of the l a t i t u d e of Kirkheaton, but f a r t h e r north there i s no tr a c e of the 
band whatsoever. 
Although the band has been recorded at s e v e r a l l o c a l i t i e s i n the 
southern part of the Trough, there are some s e c t i o n s i n which i t has not 
been proved. Thus, i t would appear to be somewhat l e n t i c u l a r , although i n 
some cas e s i t s absence may only be apparent due to poor exposure or f a i l u r e 
to recognize i t . 
Between T a l k i n and the R i v e r North Tyne the band v a r i e s i n thickness 
between 1 foot 6 inches and k f e e t ( P l , IV, 100 and 105), the average 
being approximately 2 f e e t 6 i n c h e s . However, i n the F a l l o w f i e l d region 
i t expands considerably i n thickness and a t t a i n s a maximum thickness of 
22 f e e t w i t h a minimum of 11 f e e t . The minimum thickness wais encountered 
only a short distance from the maximum and i t would appear that the maximm 
th i c k n e s s a r i s e s from l o c a l expansion of marine s t r a t a a t the expense of 
the beds above and below. I n f a c t , normally i t s t h ickness does not exceed 
15 f e e t , the average being about 13 f e e t . Northwards from F a l l o w f i e l d 
there i s a thinn i n g of the band s i n c e near Kirkheaton i t has been proved 
to be 5 f e e t 6 inches t h i c k a t one l o c a l i t y and i t i s known to wedge out 
a short d i s t a n c e f a r t h e r north. 
L i t h o l o g i c a l l y , the band i s ge n e r a l l y a s p a r s e l y c r i n o i d a l dark sandy 
limestone, but T r o t t e r and Hollingworth (1932) have shown that i t may be 
represented l a t e r a l l y by ferruginous or ochreous c l a y i n the south-west part 
of the Trough. I n the F a l l o w f i e l d region, where i t i s t h i c k e s t , i t e x h i b i t s 
a considerable v a r i a t i o n i n l i t h o l o g y and r e a l l y becomes a marine s e r i e s , 
as i l l u s t r a t e d by the fo l l o w i n g g e n e r a l i z e d s e c t i o n : -
F i n e grained slumped sandstone with 
Camarotoechia and S c h e l l w i e n e l l a . 4'6" 
Medium grained sandstone. 2'6" 
Sandy f o s s i l i f e r o u s limestone. 2'0" 
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Slumped shale and grey beds, 1'3" 
F i n e to medium grained carbonaceous 
sandstone with a few s h e l l s . 3»6" 
Slumped limy sandstone with s h e l l s . 4'3" 
C r i n o i d a l limestone. 9" 
Limy sandstone with s t y l o l i t e s . I'O". 
Apart from the v e r t i c a l v a r i a t i o n i n l i t h o l o g y i n d i c a t e d above, there i s 
a l s o marked l a t e r a l v a r i a t i o n , the baind being made up of various permutat-
i o n s of the above l i t h o l o g i e s . I n addition to the above, plant fragments 
are sometimes present and p y r i t e i s o c c a s i o n a l l y found i n smeill c l o t s or 
disseminated. Often the s h e l l s and c r i n o i d o s s i c l e s are whole, but i n some 
case s they are fragmented, probably due to l o c a l current a c t i v i t y . At K i r k -
heaton the band was recorded i n old borer's records as being composed of 
seindstone, limestone and whin, the l a t t e r being a term previously used to 
denote any hard stone vfhich i n many cases can be shown to be limestone. 
On the G e o l o g i c a l Survey New S e r i e s 1" Sheet l 4 , Morpeth, 1955, the band 
i s mapped as a t h i n limestone to the east sind south-east of Kirkheaton, 
S t r a t a up to the L i t t l e Limestone,- The sequence which o v e r l i e s the 
Snope Burn Band i n the south of the region and the Great Sandstone top i n 
the r e s t of the area i s a v a r i a b l e s e r i e s e s s e n t i a l l y comprised of shale, 
sandy s h a l e , s h a l y sandstone, ssindstone and c o a l , with occasional t h i n 
l e n t i c u l a r marine bsmds and sometimes f i r e c l a y , A rhythmic succession of 
the above l i t h o l o g i e s can often be made out, and although the rhythmic 
u n i t s are sometimes imperfect or modified, i t can u s u a l l y be recognized 
tha t the whole sequence i s formed by r e p e t i t i o n of a number of them. John-
son (1959) named these vuiits minor rhythms, they being d i s t i n g u i s h a b l e i n 
many s e c t i o n s , as, f o r excunple, i n the Brokenheugh Boring ( P l . IV, 105). 
The complete sequence above the Snope Burn Band i n the south-west part of 
the Trough was r e f e r r e d to by T r o t t e r and Hollingworth (1927) as "Coal S i l l s " 
but, silthough prominent c o a l seams are a component of i t , the intimate 
sandstone-coal r e l a t i o n s h i p i s not considered to be s u f f i c i e n t l y w e l l devel-
oped to warrant the name "Coal S i l l s " , As already mentioned, t h i s part of 
the complete sequence represents the upper h a l f of the Low Cosil S i l l eind 
a l l the beds above i t of the A l s t o n Block succession. 
The t h i c k n e s s of the sequence v a r i e s between 28 f e e t and 86 f e e t i n 
the southern part of the Trough, the average being approximately 59 f e e t , 
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The minimiun thickness i s found i n the F a l l o w f i e l d area ( P l . IV, 108) w h i l s t 
the maximum occurs i n the Havannah and Blacksike C o l l i e r i e s ( P I . IV, 100) 
which l i e between one and two miles east-south-east of T a l k i n . To. the 
n o r t h a t Brinkburn P r i o r y ( P I . IV, 109) a thickness of ^9 f e e t has been 
reported, w h i l s t f a r t h e r n o r t h i n the c e n t r a l region of the Trough the 
succession has a reasonably uniform thickness and only varies between the 
52 f e e t of S h i l b o t t l e C o l l i e r y Borehole No. k ( P I . IV, 11'f) and the 60 
f e e t of the Broomhill Borehole ( P l . IV, 110) , the average being approx-
i m a t e l y 55 f e e t . I n the Lowick d i s t r i c t the exact thickness i s not known 
but i t i s probably about ko to 45 f e e t . Thus, i t can be seen t h a t there 
i s a s l i g h t r e g i o n a l t h i n n i n g of the sequence northwards. 
The marked s t r a t i g r a p h i c a l v a r i a t i o n of the sequence would seem to 
i n d i c a t e t h a t a great deal of l a t e r a l passage from one l i t h o l o g y to another 
takes place. Consequently, no d e t a i l e d c o r r e l a t i o n of i n d i v i d u a l beds can 
be made over a wide area apart from the cosil seams. 
The shale components of the sequence are quite normal i n being r e l a t -
i v e l y non-sandy i n t h e i r lower peirts and grading upwards or l a t e r a l l y by 
way of sandy shale and shaly sandstone i n t o sandstone. Sometimes the shale 
may be f o s s i l i f e r o u s , e s p e c i a l l y immediately above the coal seams, but t h i s 
f e a t u r e i s not commonly seen. I n the area between the River Coquet and 
Beadnell ironstone nodules are commonly found i n the shale, whereas i t 
appears t h a t such nodules^only have a scattered d i s t r i b u t i o n elsewhere. 
I n general, the sandstone members of the sequence eire l e n t i c u l a r and 
cannot be traced over any great distance, as can the r e l a t i v e l y p e r s i s t e n t 
sheet sandstones of the Alston Block, However, i n the southern part of the 
Trough a r e l a t i v e l y p e r s i s t e n t sauidstone immediately underlies the coal 
seam which i s considered to be equivalent to the High Cosil S i l l coal. 
Normally the sandstones have gradational bases and they grade up from the 
shale below them by way of sandy shale. Thus, they are closely r e l a t e d to 
sheet sandstones, but i n general do not have the p e r s i s t e n t and extensive 
spread of the l a t t e r since they f r e q u e n t l y die out and pass l a t e r a l l y i n t o 
sandy shale. I t would appear t h a t a l l the sandstones do not have gradational 
bases, however, since washouts c u t t i n g out coeil have been recorded. One 
such washout was encountered i n the region between h a l f a mile and one mile 
due south of Roachburn i n the south-v;estern p a r t of the Trough, w h i l s t 
another was proved i n the Lowick d i s t r i c t i n the v i c i n i t y of L i c k a r , The 
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exact character of these washouts i s unknown, but the one close to Roach-
burn cuts out the seam which i s considered to be equivalent to the High 
Coal S i l l coal and i s , t h e r e f o r e , at a higher horizon than the washouts 
proved to e x i s t on the A l s t o n Block, The seam cut out at Lickar i s the 
L i c k a r Main coal which i s considered to be equivalent to the Low Coal S i l l 
c o a l ; thus, t h i s washout i s probably a t the same horizon as the system 
proved belov/ the High Coal S i l l coal on the Alston Block- w i t h which i t pres-
umably l i n k s up. That the Alston Block washout system mentioned above 
continues northward from the Block i n t o the Trough tov/ards the source area 
of sediment cajinot r e s i l l y be reasonably doubted, but the poor exposure i n 
the region of the Trough does not allow i t s accurate d e l i m i t a t i o n . How-
ever, a coarse grained quartzose sandstone or g r i t exposed above the Great 
Limestone i n the region of Harlaw H i l l , which l i e s about two miles west of 
Long Houghton, could be the f i l l m a t e r i a l of the continuation of the major 
channel. L i t h o l o g i c a l l y the normal sandstones of the sequence are f i n e 
grained a t the base, becoming f i n e to medium or medim grained upwards. 
I n some cases they are q u i t e hard and massive, but i n many cases they £u:e 
f l a g g y and have shale or shaly partings interbedded, the shaly nature pres-
lanably i n c r e a s i n g i n the d i r e c t i o n of l a t e r a l passage i n t o shaly sandstone 
and sandy shale. 
Limestone bands eind f o s s i l i f e r o u s shale have been recorded from t h i s 
sequence i n only a few places i n the southern and c e n t r a l parts of the 
Trough, However, they could be much more common and widespread than the 
number of reported f i n d s would i n d i c a t e since t h e i r discovery i s g r e a t l y 
hindered by the poor exposure of the beds i n the Trough, Limestone has 
not been found at surface and has only been recorded from two borings, one 
at Brokenheugh ( P l . IV, 105) i n the southern p a r t of the Trough, one and a 
h a l f miles north-east of Haydon Bridge, and the other at Broomhill ( P I , IV, 
110) i n the c e n t r a l p a r t of the Trough, about two and a heilf miles south-
east of Amble. I n the Brokenheugh Boring a 1 f o o t t h i c k limestone occurs a 
l i t t l e below the middle of the sequence between the High and Low Coal S i l l 
coal equivalents, w h i l s t i n the Broomhill Deep Borehole a 2 f e e t 3 inches 
t h i c k limestone l i e s i n the middle of the sequence between the Great Sand-
stone and the Cushat (= L i t t l e ) Limestone which contains no coal v^hatsoever. 
The f a c t t h a t some of the shale i n the sequence may be f o s s i l i f e r o u s has 
been mentioned i n c i d e n t a l l y above, and at those places where a fauna has 
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been recorded i t would appear that the f o s s i l i f e r o u s shale immediately or 
c l o s e l y o v e r l i e s the High Coal S i l l coal equivalent. I n Howick Burn, one 
mile south-west of Howick, the shale immediately above a 7 inches t h i c k 
coal contains N a i a d i t e s - l i k e lamellibranchs, w h i l s t the shale i n a s i m i l a r 
p o s i t i o n i n the Hazon Lee Water Borehole, which was d r i l l e d a quarter of a 
m i l e south-west of Hazon, contains Carbonicola-like s h e l l s (which have been 
d o u b t f u l l y r e f e r r e d to Edmondia) and associated Lingula. I n the region a 
m i l e or so t o the north-east and south-west of Chirm a marine fauna has been 
c o l l e c t e d from the waste heaps of shale derived from above the Chirm coal 
(the High Coal S i l l coal e q u i v a l e n t ) , the l a t t e r having been extensively 
worked by a d i t s and s h a f t s along i t s outcrop. The fauna consists of brach-
iopods, lamellibranchs, gastropods and c r i n o i d o s s i c l e s , among which are 
included the f o l l o w i n g forms:-
Eomarginifera c.f. l o n g i s p i n a ( J . Sowerby), M a r t i n i a sp., 
L i n g u l a squamiformis P h i l l i p s , Lingula sp., Sanguinolites sp., 
Pterinopecten sp., Ctenodonta sp., Posidonomya corrugata 
R. Etheridge j u n . , Bellerophon sp. 
Horizons w i t h p l a n t r o o t l e t s i n s i t u are not uncommon w i t h i n the 
sequence and i n some places even f i r e c l a y i s developed. Both occurrences 
i n d i c a t e previous growth of plants emd such horizons are usually o v e r l a i n 
or i n t i m a t e l y associated w i t h a coal seam, although not i n v a r i a b l y so. 
Most o f t e n p l a n t r o o t l e t s are found i n the tops of sandstones, but they are 
also present i n shale which i s then known as seggar clay. F i r e c l a y has been 
recorded both from immediately below and immediately above coal seams, but 
i t does not appear to be of widespread occurrence. However, i t does a t t a i n 
a maximum thickness of 6 f e e t on the Brinkburn Estate ( P l . IV, 109) , where 
i t l i e s between the L i t t l e Limestone coal and the L i t t l e Limestone, but 
u s u a l l y i t i s thinner than t h i s and may be only a few inches t h i c k , as i n 
Reaygarth C o l l i e r y John P i t where 8 inches of f i r e c l a y immediately under-
l i e s the 10 inch t h i c k coal seam beneath the L i t t l e Limestone. These beds 
w i t h p l a n t r o o t l e t s and the f i r e c l a y s are the o l d s o i l s upon which vege-
t a t i o n grew t o form the peat from which the prominent coal seams w i t h i n the 
sequence were developed. As pointed out above, such horizons are not 
always associated w i t h coal seams, however. 
Coal seams are the most important components of the succession, both 
s t r a t i g r a p h i c a l l y eind economically, since they are developed over the whole 
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region at p a r t i c u l a r horizons and i n most parts they are usually t h i c k , as 
shown on Plate V. I t can be seen from Plate V t h a t , due t o f a c t o r s which 
w i l l be dealt w i t h below, the number of seams at any one point normally 
varies from one to three, although at one l o c a l i t y i n the Lowick d i s t r i c t 
f o u r seams are present. Plate V also i l l u s t r a t e s the o v e r a l l r e g i o n a l 
t h i c k e n i n g of the coals which takes place i n the passage from Block to 
Trough; i n a d d i t i o n , the v a r i a t i o n i n thickness of the seams w i t h i n the 
Trough i s apparent from the diagram. 
The o v e r a l l r e g i o n a l t h i c k e n i n g of the coals passing from Block to 
Trough was o r i g i n a l l y demonstrated by T r o t t e r and Hollingworth (1932, F i g . 
9» P« 75) i n the Brampton d i s t r i c t . To explaiin the thickening i t was 
suggested t h a t during the formation of the peat from which the coeilB were 
formed r e g i o n a l subsidence d i d not cease completely. Consequently, the 
accumiilation of peat woiild tend to keep pace w i t h the subsidence emd, since 
the l a t t e r was more r a p i d i n the Trough than on the Block, t h i c k e r coals 
would r e s u l t i n the former region. However, there i s some v a r i a t i o n i n 
the thickness of the coals w i t h i n the Trough as a whole, the seams being 
best developed i n the southern patrt of the region south of Chirm, p a r t i c -
u l a r l y i n the South Tyne v a l l e y and the Brampton d i s t r i c t ; i n a d d i t i o n , the 
seams are also prominent i n the northern part of the Trough i n the Lov/ick 
d i s t r i c t . I n the region between these two areas the coals are not so 
prominent, possibly because subsidence was not so great due to the region 
being s i t u a t e d on the Cheviot "Block". A l t e r n a t i v e l y , plant growth may 
not have been so great due to t h i s region being s i t u a t e d closer to the sea 
than the areas where the seams are t h i c k e r ; some weight i s added to the 
l a t t e r suggestion because there are no coal seams at a l l i n the Broomhill 
Deep Borehole section ( P I . IV, 110) , the borehole having been d r i l l e d w e l l 
t o the south-east of a l l the other sources of information f o r t h i s region 
and, t h e r e f o r e , even closer to the i n t e r p o l a t e d p o s i t i o n of the Carbonifer-
ous period sea. 
The coals have previously been r e f e r r e d to c o l l e c t i v e l y as the L i t t l e 
Limestone coals i n the southern p a r t of the Trough and the Lickar coals i n 
the Lowick d i s t r i c t . The only p a r t i c u l a r i z a t i o n of i n d i v i d u a l seams which 
has been made i n the southern part of the Trough i s that the worked seam 
(the t h i c k e s t seam, which does vary i n horizon to some extent) i s r e f e r r e d 
t o as the L i t t l e Limestone coal and l o c a l l y as the F a l l o w f i e l d seam, the 
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Chirm coal or the Rothley coal. I n the Lowick d i s t r i c t the seams are knovm 
i n ascending order as the L i c k a r Main coal, the Rough coal (which l o c a l l y 
s p l i t s i n t o the Rough or Lady coal and the Parrot coal) and the Limestone 
coal, the l a t t e r immediately underlying the Lickar Limestone. However, no 
previous attempt to c o r r e l a t e the seams w i t h the Low Coal S i l l coal, the 
High Coal S i l l coal and the White Hazle or L i t t l e Limestone coal of the 
A l s t o n Block has been made, but t h i s i s done on Plate V which i s s e l f -
explanatory. The c o r r e l a t i o n i n the southern part of the Trough i s reeison-
ably c e r t a i n but f a r t h e r north i n the Lowick d i s t r i c t , although the corre-
l a t i o n seems reasonable, i t could be considered more contentious because of 
the distance and separation from the parent area. 
From Plate V i t w i l l be apparent t h a t the v a r i a t i o n i n the number of 
seams a r i s e s from s p l i t t i n g or coalescence coupled w i t h the " p u t t i n g i n " or 
a t t e n u a t i o n of individual.seams. The s p l i t t i n g and coalescence also a f f e c t s 
the thickness of seams since where two come together a t h i c k e r seam w i l l 
obviously r e s i o l t and v i c e versa. 
With the above i n view, i t i s considered more reasonable to ascribe 
the sporadic occurrence of the separate Low Coal S i l l coal equivalent i n 
the southern and c e n t r a l parts of the Trough to " p u t t i n g i n " and attenu-
a t i o n of the seam, r a t h e r than coalescence w i t h the High Coal S i l l coal 
equivalent such as i s postulated by T r o t t e r and Hollingworth ( 1932) . I n 
f a c t , the markedly sporadic development of the seam may only be apparent to 
some extent since e x p l o r a t i o n f o r coal would be halted once the t h i c k High 
Coal S i l l coal equivalent above i t was proved. However, the seam i s d e f i n -
i t e l y known t o be absent i n t h i s region i n some sections and i t never exceeds 
a thiclcness of 9 inches i n the southern p a r t of the region and k inches i n 
the c e n t r a l p a r t . The section proved by the Hazon borehole i n the c e n t r a l 
pa r t of the Trough suggests t h a t , i n t h i s rare instance, the seam s p l i t s 
i n t o two very t h i n components. I n the Lowick d i s t r i c t the Low Coal S i l l 
coal i s considered to be represented by the prominent and p e r s i s t e n t Lickar 
Main coal which varies between 2 f e e t 2 inches and k feet 6 inches i n 
thickness. 
The High Coal S i l l coal equivalent i s the most prominent of the seams 
and i t p e r s i s t s throughout the region, usually as a separate and single 
horizon, but occasionally i t coalesces w i t h the L i t t l e Limestone coal to 
form one t h i c k composite seam which has a maximum thickness of 6 feet 2 
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inches i n Byron P i t ; also, very r a r e l y i t s p l i t s i n t o two d i s t i n c t seams, 
as i n the L i c k a r P i t of the Lowick d i s t r i c t . I n the southern part of the 
Trough, where i t i s a separate horizon, the seam u s u a l l y has a thickness 
i n excess of 3 f e e t , the maximum recorded thickness of 5 f e e t 11 inches 
being a t t a i n e d i n Tynedale C o l l i e r y , Acomb. The above order of thickness 
w i t h only a ra r e f a l l below 2 f e e t i s maintained as f a r north as Capheaton, 
beyond which there i s a t h i n n i n g to an average of around 2 f e e t t h i c k u n t i l 
n o r t h of Chirm where, i n the c e n t r a l region of the Trough, the seam i s 
us u a l l y very much th i n n e r than i t s msiximum recorded thickness of 1 f o o t 5 
inches. The High Coal S i l l coal equivalent i n the Lowick d i s t r i c t , the 
Rough c o a l , tends to s p l i t i n t o two components (the Rough or Lady coal and 
the Parrot c o a l ) , but as a si n g l e seam i t varies betv/een 2 f e e t and 6 f e e t 
2 inches i n thickness. 
The L i t t l e Limestone coal equivalent, which l i e s immediately beneath 
and/or (and, where the seam i s s p l i t i n t o two components) a short distamce 
below the L i t t l e Limestone and i t s equivalents, i s not completely p e r s i s t e n t 
or very prominent u s u a l l y . However, despite i t s impersistence i t does have 
a widespread development and i t i s e s p e c i a l l y w e l l represented i n the Lowick 
d i s t r i c t . Occasionally, i t coalesces w i t h the High Coal S i l l coal equiv-
a l e n t to form a composite t h i c k seam immediately below the limestone, and 
i n some cases i t s p l i t s i n t o two components. I n the southern part of the 
Trough the seam has a maximum thickness of 2 f e e t 9 inches where i t i s a 
s i n g l e horizon i n the Greenwood Borehole at South Tyne C o l l i e r y , but ususilly 
i t i s much th i n n e r than t h i s , o f ten being only a few inches t h i c k ; where i t 
i s s p l i t i n t o two components, n e i t h e r component i s ever very t h i c k . I n the 
c e n t r a l p a r t of the Trough, n o r t h of Cambo, the seam has not been proved at 
any l o c a l i t y . However, i t i s w e l l developed i n the Lowick d i s t r i c t where 
i t i s a p e r s i s t e n t horizon immediately underlying the Lickar Limestone w i t h 
a thickness varying between 1 f o o t 3 inches and 2 f e e t 6 inches. 
The seams often contain t h i n bands of i m p u r i t y , especially where they 
are t h i c k e s t . A t y p i c a l s e c t i o n of the High Coal S i l l coal equivalent from 
Tynedale C o l l i e r y , Acomb, i s given below:-
f e e t inches 
Coal 2 2 
Shale 10 
Coal 1 0 
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f e e t inches 
Shale i 
Coal 3 
Shale -J 
Coal 1 7 
5 11 
Normally, the bands of i m p u r i t y are composed of shale as above, but occas-
i o n a l l y there are t h i n bands of sandstone also. Except where a f f e c t e d by 
igneous i n t r u s i o n , a l l the seams i n the Trough are bituminous i n rank, eis 
opposed to the semi-anthracitic nature of the coals on the Alston Block, 
This feature w i l l be d e a l t w i t h more f u l l y elsewhere, however. 
I n former times coal was wrought very extensively i n each of the regions 
of t h i c k development by means of both a d i t s and s h a f t s . I n the southern part 
of the Trough, because of t h e i r thickness and q u a l i t y , i t v/as e i t h e r the 
High Coal S i l l coal equivalent or the combined High Coal S i l l coal - L i t t l e 
Limestone cosil equivalent which was worked. I n the Lowick d i s t r i c t a l l 
the seams were worked since a l l are of a reasonable thickness and q u a l i t y . 
Now, the only la r g e operation i s th a t c a r r i e d on by the National Coal Board 
at Bardon M i l l where the High Coal S i l l coal equivalent i s worked. I n 
a d d i t i o n , there are one or two smeill workings of the same seam i n the Breunp-
ton d i s t r i c t . 
THE CANONBIE. DISTRICT 
I n t r o d u e t i o n 
The Great Cyclothem i s only present i n t h i s region i n a small detached 
area of Carboniferous Limestone Series rocks s t r a d d l i n g the Anglo-Scottish 
border about two miles east of Canonbie ( F i g , 1) which i s s i t u a t e d towards 
the n o r t h side of the Northiunbrian Trough, Over the v/hole area the beds 
are very poorly exposed and f a u l t e d , however, and the d e t a i l e d succession 
of the Great Cyclothem i s only known from the Catsbit (Peach and Home, 
1903) and Archerbeck (Lumsden and Wilson, 196I) boreholes, both of which 
proved very s i m i l a r sequences ( F i g , 3 1 ) . Although t h i s region l i e s about 
f i f t e e n miles north-west of the Brampton d i s t r i c t , where the nearest sections 
of the Great Cyclothem are to be found, there i s a s t r i k i n g s t r a t i g r a p h i c a l 
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Bloe Pot Limestone 
lOtMt 
'•0 
Snope Bum Bond 
Cotsbit Limestooe 
F i g . 31. Section of the Great Cyclothem sequence above the basal 
limestone i n the Canonbie d i s t r i c t derived from the Arch-
erbeck and Catsbit boreholes. Legend as Fig . I 9 . 
comparison of the sequences above the basal limestone (Great = C a t s b i t ) 
apart from the Canonbie succession being considerably thinner than t h a t 
of the Brampton d i s t r i c t (compare Figs. 3 0 a and 3 1 ) . As i n the Brampton 
region, the succession proved i n the Canonbie d i s t r i c t i s not d i r e c t l y 
comparable w i t h the Coal S i l l s Group of the Alston Block even though coals 
are present i n i t . 
Thickness V a r i a t i o n 
From the i n f o r m a t i o n a v a i l a b l e , there does not appear to be a great 
deeil of thickness v a r i a t i o n of the sequence i n t h i s small region since the 
C a t s b i t and Archerbeck boreholes, whose s i t e s were not a l l that close t o -
gether, proved thicknesses f o r the complete succession of 71 f e e t 9 inches 
and 68 f e e t 9 inches r e s p e c t i v e l y . However, there i s a considerable v a r i -
a t i o n from the thickness of about 200 f e e t which i s att a i n e d by the sequence 
i n the Brampton d i s t r i c t t o the south-east. This marked t h i n n i n g i s probab-
l y accounted f o r by two f a c t o r s , as follpws:-
( i ) The Great Shale equivalent i n the Canonbie d i s t r i c t 
i s very much reduced i n thickness as compared w i t h the 
Great Shale of the Brampton d i s t r i c t , i t s lower psirt being 
replaced by massive limestone which contains t h i n mudstone 
bands. As a r e s u l t of t h i s the Catsbit (= Great) Limestone 
of the Canonbie d i s t r i c t i s very much t h i c k e r than the 
Great Limestone of the Brampton d i s t r i c t . This t h i n n i n g of 
the shale also reduces the proportion of the complete 
sequence formed by the lower beds to a f i g u r e (around 50 
per cent) intermediate between those f o r the Alston Block 
and the Northumbrian Trough. 
( i i ) The Canonbie d i s t r i c t l i e s towards the north side 
of the Northumbrieui Trough close to the stable Southern 
Uplands Massif. Consequently, subsidence i n t h i s area 
would probably be less than near to the centre of the 
Trough. This would then account f o r the o v e r a l l t h i n n i n g 
of the sequence i n the Canonbie d i s t r i c t as compared w i t h 
the Brampton d i s t r i c t since the thickness of deposition 
woiild be c o n t r o l l e d to a large extent by the amount of 
subsidence t a k i n g place at the time of sedimentation. 
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s t r a t i g r a p h y 
The base of the sequence i s formed by the Catsbit (= Great) Lime-
stone and the top i s d e l i m i t e d by the Blae Pot (= Upper L i t t l e ) Lime-
stone, Nowhere i s the succession w e l l exposed and d e t a i l e d information 
regarding i t i s only a v a i l a b l e from the records of the Catsbit and Archer-
beck boreholes, the l a t t e r being most useful since the borehole was logged 
i n some d e t a i l . 
I t w i l l be seen from belov/ and F i g . 31 that s t r a t i g r a p h i c a l l y the 
succession i s c l o s e l y comparable w i t h t h a t of the Brampton d i s t r i c t despite 
the marked discrepancy i n thickness and, i n f a c t , i t i s possible to sub-
d i v i d e the successions i n a s i m i l a r manner f o r d e s c r i p t i v e purposes. How-
ever, the lower h a l f of the Canonbie succession contains i n d i c a t i o n s that 
the whole of i t was deposited under marine conditions whereas t h a t of the 
Brampton region only has i n d i c a t i o n s t h a t part was formed under such an 
environment. 
The Great Shale equivalent.- This component varies between l 8 feet 
1 1 10 inches (C.B.) and 20 f e e t 6 inches (A.B.) i n thickness and i s composed 
of mudstone and shale which i s f o s s i l i f e r o u s to some extent throughout. 
Thin limestone bands have been proved i n i t s lower and upper parts and i r o n -
stone nodules and bands are also present except i n i t s upper few f e e t . I n 
a d d i t i o n there are sandy bands i n the upper par t of i t . 
Because of the t h i n limestone bands i n t h i s component i t could possibly 
be classed as Tumbler Beds. However, the limestone bands are meirkedly 
s u b s i d i a r y so t h a t a c l a s s i f i c a t i o n as Tumbler Beds i s not considered to 
be j u s t i f i e d . 
The Great Sandstone equivalent.- The sandstone, which apparently 
grades up from the shale below, varies between 6 f e e t (A.B.) and 9 f e e t 6 
inches (C.B.) i n thickness. I t i s f i n e grained and of t e n contains t h i n 
shaly bands, although i t may be completely shaly to some extent also. I n 
a d d i t i o n , i t i s s l i g h t l y calcareous and f o s s i l i f e r o u s . 
The Snope Burn Baind equivalent,- The band i s represented i n both 
boreholes by limestone which i s grey, compact and f o s s i l i f e r o u s and 
1: Thicknesses proved i n the Catsbit (C.B.) and Archerbeck (A.B.) 
boreholes. 
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v a r i e s between 1 f o o t 9 inches (A.B.) and 2 f e e t 8 inches (C.B.) i n 
thickness. I n the Catsbit borehole the band immediately o v e r l i e s the 
Great Sandstone equivalent but i n the Archerbeck borehole 6 inches of 
calcareous, f o s s i l i f e r o u s shale w i t h coaly plant stems separates the two. 
S t r a t a up to the Blae Pot Limestone.- This sequence i s r e l a t i v e l y 
simple s t r a t i g r a p h i c e i l l y , no v a r i a t i o n s such as those encountered i n the 
Brampton d i s t r i c t having been proved by the two borehole sections. L i t t l e 
thickness v a r i a t i o n was proved by the boreholes e i t h e r since one proved a 
thickness of kO f e e t (A.B.) and the other 40 f e e t 9 inches (C.B.). 
The Snope Burn Band i s immediately o v e r l a i n by 9 feet 7 inches (A.B.) 
to 9 f e e t 8 inches (C.B.) of shale which i s micaceous and f o s s i l i f e r o u s 
and contains t h i n limestone bands and ironstone nodules. This shale 
grades upwards i n t o sandstone which forms the r e s t of the sequence apart 
from e i t h e r one or two coeil seams. The sandstone i s f i n e grained cind pure 
o v e r a l l but i t tends to be shaly at the base. I t also contains s i l t y bands 
i n i t s lower part and there are micaceous laminae throughout. I n the 
upper few f e e t plant r o o t l e t s i n s i t u are found and the sandstone has a 
tendency to be shaly i n t h i s p a r t also. 
I n the Catsbit borehole only one coal seam was proved; t h i s immediately 
u n d e r l i e s the Blae Pot Limestone a t the very top of the sequence and i t i s 
6 inches t h i c k . A seam of hard, d u l l and b r i g h t coal was proved i n a 
s i m i l a r p o s i t i o n o v e r l y i n g the rooty sandstone top i n the Archerbeck bore-
hole but i t i s 1 f o o t 9 inches t h i c k . This v a r i a t i o n i n the thickness of 
the seam could be apparent and due to b e t t e r core recovery being a t t a i n e d 
i n the more recent Archerbeck borehole because of superior boring tech-
niques, A s i m i l a r explanation could also accoxmt f o r the absence from the 
C a t s b i t borehole of the 1 i n c h t h i c k hard, b r i g h t coal proved 9 f e e t 6 
inches below the Blae Pot Limestone i n the Archerbeck borehole. However, 
there i s no reason why such a t h i n seam should be impersistent e i t h e r . 
As f a r as c o r r e l a t i o n of the seams i s concerned, i t would appear th a t 
the t h i c k seam at the top of the sequence i s the equivalent of the L i t t l e 
Limestone coal of the area to the south and east and that the t h i n imper-
s i s t e n t seam may be the High Coal S i l l coal equivalent, 
THE EAST AND NORTH RIM OF THE LAKE DISTRICT 
I n t r o d u c t i o n 
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The outcrop of the Great Cyclothem i n t h i s region stretches n o r t h -
west from approximately two miles west of Appleby, through Penr i t h , to a 
p o i n t some two and a h a l f miles north-east of Caldbeck, from whence i t 
trends due west to some seven miles west of Caldbeck where the beds are 
f a u l t e d out and not exposed again u n t i l Gilcrux i n West Cumberland i s rea-
ched some s i x miles f a r t h e r west ( F i g , 1 ) , Between Appleby and Penrith the 
outcrop i s r e l a t i v e l y l i t t l e disturbed by f a u l t i n g , but to the north-west of 
P e n r i t h f a u l t i n g at r i g h t auigles to the s t r i k e occurs and i t increases amd 
becomes more complex i n the area to the east and west of Caldbeck, Through-
out the area the beds are poorly exposed, e s p e c i a l l y i n the Eden v a l l e y 
where they are p a r t i c u l a r l y badly masked by g l a c i a l deposits. The base of 
the sequence i s formed by the Great S t r i c k l a n d (= Kings Meaburn, Main or 
Great) Limestone which i s only i n t e r m i t t e n t l y exposed. The top of the 
sequence i s not even as w e l l defined as t h i s , however, except i n the area 
around Caldbeck where the equivalent of the Upper L i t t l e Limestone has been 
recognized and named (Summ. Prog, G.S.G.B., 1931; Geological Survey New 
Series 1" Sheet 2 3 , Cockermouth, 1 9 5 9 ) . Elsewhere i n t h i s region no top to 
the Great Cyclothem appears to have been defined, though suggestions have 
been made as to possible eqtiivalents of the Upper L i t t l e Limestone. For 
instance, the Bewley Castle Limestone, which i s found i n Teas G i l l some two 
and a h a l f miles west-north-west of Appleby, has been correlated w i t h the 
Upper L i t t l e Limestone by Versey ( 1 9 6 O ) , whereas Goodchild ( i n Dakyns et a l . , 
1 8 9 7 ) compared i t w i t h the "Red Beds" of Swaledale, w h i l s t Tiddeman ( i n 
Dakyns et a l . , op. c i t . ) considered i t to be more l i k e "a t h i n limestone found 
on top of Msillerstang above the higher Eden v a l l e y " and M i l l e r and Turner 
( 1 9 3 1 ) c o r r e l a t e d i t w i t h the Crow Limestone. Thus, a l l these suggestions, 
apart from t h a t of Versey, put the Bewley Castle Limestone higher i n the 
sequence than the Upper L i t t l e Limestone. Consequently, no s p e c i f i c horizon 
can be d e f i n i t e l y attached to the limestone of Teas G i l l as yet, but i t i s 
almost c e r t a i n l y above t h a t of the Upper L i t t l e Limestone. A 4 f e e t t h i c k 
limestone recorded 35 f e e t above the Great S t r i c k l a n d Limestone i n the River 
Lowther some three miles south-south-east of Penrith has E L L S O been correl a t e d 
w i t h the Upper L i t t l e Limestone by M i l l e r and Turner (op. c i t . ) ; such a 
c o r r e l a t i o n could be c o r r e c t , but the extremely t h i n sequence so derived 
between the Great St r i c k l s i n d Limestone and the supposed Upper L i t t l e Lime-
stone equiv6ilent does not bear t h i s out, and i t seems more l i k e l y t h a t the 
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t h i n limestone i s a marine bamd w i t h i n the Great Cyclothem. Everywhere 
w i t h i n t h i s region the beds above the basal limestone appear to consist of 
shale and sandstone, but only i n the Caldbeck region has coal been recorded 
i n a s s o c i a t i o n w i t h them. However, even where coal i s present the sequence 
does not warrant the name Coal S i l l s Group, 
Thickness V a r i a t i o n 
Owing to the l a c k of exposure and the consequent poor d e l i m i t a t i o n 
o f the eqiiivalent s t r a t a , i t i s impossible to ascertain whether the Coal 
S i l l s Group s t r a t a of the Alston Block do a c t u a l l y thicken i n t h i s area t o 
the west of the Pennine F a i i l t System. Thus, evidence i s not av a i l a b l e as 
t o whether the Pennine F a u l t System acted as a contemporaneous hinge l i n e 
d u r i n g deposition of these beds. However, Mr. C. Rowley (personal commun-
i c a t i o n ) has found t h a t i n the area to the east of Appleby the s t r a t a below 
the Coal S i l l s Group equivalents are not s i g n i f i c a n t l y t h i c k e r than t h e i r 
equivalents on the Alston Block, I n the region at the north end of the 
Lake D i s t r i c t aroimd Caldbeck the beds equivalent to the Coal S i l l s Group 
have a thickness of the order of 90 to 100 f e e t . Since t h i s thickness i s 
i n excess of the average f o r the A l s t o n Block but l e s s thsm that f o r the 
Northumbrian Trough, i t could be taken as i n d i c a t i n g a northward thickening 
towards the western conti n u a t i o n of the Northumbrian Trough, the westward 
c o n t i n u a t i o n of the l a t t e r having been postulated by Smith (1927) and 
T r o t t e r and Hollingworth (1927) and substantiated by Eastv/ood (1930) emd 
George ( 1 9 5 8 ) , Further d e t a i l e d i n f o r m a t i o n i s required to c l a r i f y the 
s i t u a t i o n , however, but the p o s i t i o n at the northern end of the Lake 
D i s t r i c t could be s i m i l a r to th a t i n the north-west part of the Alston 
Block where i t would appear t h a t sagging of the Block i n sympathy w i t h the 
adjacent Northumbrian Trough allowed t h i c k sedimentation. 
S t r a t i g r a p h y 
The poor exposure of the beds above the basal limestone to the east 
of the Lake D i s t r i c t on the south-west side of the Vale of Eden does not 
allow c l a r i f i c a t i o n of the d e t a i l e d s t r a t i g r a p h y , there being only i n t e r -
m i t t e n t exposures of sandstone and shale at various l o c s i l i t i e s , as recorded 
by Dakyns et a l , (1897) ; also present apparently are marine bands, but no 
coal a t a l l has been found i n association w i t h the beds. Thus, i t can only 
be said i n general terms t h a t the sequence consists of shales and sandstones 
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w i t h marine bands. At the n o r t h end of the Lake D i s t r i c t aroxmd Caldbeck 
the s t r a t i g r a p h i c a l s i t u a t i o n i s somewhat clearer since the Upper L i t t l e 
Limestone has been recognized to d e l i m i t the top of the sequence. The 
av a i l a b l e detetils p e r t a i n i n g to the s t r a t i g r a p h y are to be found i n a x t i c l e s 
by Eastwood ( i n Summ. Prog, G.S.G.B., 1931) and T r o t t e r ( i n Trueman, 195^) 
and on the Geological Survey New Series 1" Sheet 23 , Cockermouth, 1959, 
From these sources i t can be construed that above the basel limestone the 
sequence i s 90 t o 100 f e e t t h i c k and consists of shale and sandstone w i t h a t 
l e a s t one coal seam associated. The lower h a l f of the sequence i s dominated 
by e i t h e r one or two ssindstone horizons, there being a t h i n shale separating 
the sandstones where two eire developed. Even where two seuidstones are dev-
eloped they are grouped together and named the Hensingham G r i t , presumably 
by analogy w i t h the development i n West Cumberland where the Hensingham 
G r i t immediately or very c l o s e l y o v e r l i e s the F i r s t (= Great) Limestone. 
The upper p a r t of the sequence consists e s s e n t i a l l y of shale but the most 
important horizon present i s a prominent coal seam which occurs some 35 f e e t 
or so below the Upper L i t t l e Limestone. T r o t t e r (op. c i t . ) insinuates t h a t 
more than one coeil i s present but states t h a t only one seam a t t a i n s a work-
able thickness. These coaGLs were known l o c a l l y as the Warnell F e l l Coals 
because the prominent seam r e f e r r e d to above was worked i n former times, 
p a r t i c u l a r l y on Warnell F e l l about one and a h a l f miles north-east of Cald-
beck, The seam attsiins a maximum thickness of 2 f e e t 6 inches according to 
T r o t t e r (op, c i t , ) . Therefore, i t i s considerably t h i c k e r than any of the 
seams on the A l s t o n Block, except those developed i n the north-western p a r t , 
and i t s thickness i s more i n l i n e w i t h seam thicknesses i n the Northumbrian 
Trough. Consequently, the e a r l i e r suggestion of t h i s area l y i n g to the 
south of but adjacent to the westward continuation of the Northumbrian Trough 
does not seem unreasonable. The worked seam has been a r b i t r a r i l y r e f e r r e d 
to as the L i t t l e Limestone Coal on the Cockermouth sheet (Geological Survey 
New Series 1" Sheet 23, 1959) , whereas, by analogy w i t h the Alston Block and 
the Northumbrian Trough, i t s p o s i t i o n i n the sequence and i t s thickness 
suggest t h a t i t i s most l i k e l y the equivalent of the High Coal S i l l coal 
of the A l s t o n Block, According to Eastwood ( i n Summ, Prog. G.S.G.B., 1 9 3 l ) » 
i n general a s i m i l a r s t r a t i g r a p h y to t h a t of the Caldbeck area p e r s i s t s t o 
the west of the l i m i t of outcrop of the Great Cyclothem as f a r as Aspatria 
where a number of boreholes were d r i l l e d i n former times. To the west and 
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south-west of Aspatria, which l i e s some three miles north-east of Gilcrvix, 
the s i t u a t i o n i s considerably changed since above the basal limestone member 
of the cyclothem the beds, which are known c o l l e c t i v e l y as the Hensingham 
Group, are subject to l a t e r a l and v e r t i c a l changes and completely l a c k def-
i n i t i o n i n terms of c y c l i c a l sedimentation; t h i s s i t u a t i o n w i l l be discussed 
more f u l l y i n the relevant section dealing w i t h West Ciimberland below, 
THE WEST RIM OF THE LAKE DISTRICT 
I n t r o d u c t i o n 
I n t h i s region, which comprises West Ciunberlajad, the main outcrop of 
the beds equivalent to the Great Cyclothem stretches from Gilcrux south-
south-westwards to Egremont where younger rocks mask einy f u r t h e r outcrop t o 
the south ( F i g , 1 ) , To the west of the main outcrop the beds are also 
exposed i n two i n l i e r s , one around Hensingham, one mile south-east of White-
haven, and the other around D i s t i n g t o n , four miles north-north-east of 
Whitehaven ( F i g , 1 ) , Information p e r t a i n i n g t o the beds i s also a v a i l a b l e 
from mine workings and boreholes to the west of the main outcrop and to the 
north-east and north-west of the northern l i m i t of outcrop. Thus, although 
the exposure of the beds i s generally not good, the av a i l a b l e i nformation i s 
by no meajis scanty because of the mine workings and boreholes; a l l t h i s 
i n f o r m a t i o n has been documented i n the Geological Survey Memoirs f o r the 
Maryport d i s t r i c t (Eastwood, 1930) and the Whitehaven and Workington d i s t r i c t 
(Eastwood et a l , 1931) . Forming the base of the beds representing the Great 
Cyclothem i s the F i r s t (= Great) Limestone. Above t h i s i s the Hensingham 
Group which extends upwards to the horizon of the Udale Coal where deirk 
shales have y i e l d e d Gastrioceras cumbriense Bisat; the Group has the Hensing-
heim G r i t a t or close to i t s base and the remainder of i t consists e s s e n t i a l l y 
of sandstones and shales. Unfortunately the Hensingham Group completely 
laclcs d e f i n i t i o n i n terms of c y c l i c a l sedimentation, none of the marker li m e -
stone eqviivalents of the Upper Limestone Group to the east being recogniz-
able; consequently, i t i s impossible to accurately define the beds equivalent 
t o the Great Cyclothem apart from the basal limestone. I n f a c t , a l l t h a t 
can be said i s th a t the lower part of the Hensingham Group probably repres-
ents the beds of the Great Cyclothem above the basal limestone. These beds 
of the Hensingham Group do not i n any way resemble the type Cocil S i l l s Group 
succession. 
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Thickness V a r i a t i o n 
Because of the i m p o s s i b i l i t y of accurately d e f i n i n g what peirt of the 
Hensingham Group represents the beds of the Great Cyclothem above the basal 
limestone, i t i s obviously not possible to enter i n t o any d e t a i l e d discuss-
i o n r e l a t i n g t o thickness v a r i a t i o n . Nevertheless, the considerable t h i c k -
ness v a r i a t i o n of the Hensingham Group as a whole i l l u s t r a t e d by Eastwood 
(1930) and Eastwood et a l , (1931) gives some guide t o what happens. I t 
must be pointed out, however, th a t t h i s thickness v a r i a t i o n of the whole 
Group may not be e n t i r e l y due to sedimentation, but to some extent the 
r e s u l t of an unconformity of unknown magnitude at the top of the Group, I n 
the southern-most outcrops the Group i s only about 80 f e e t t h i c k i n places, 
i n c r e a s i n g northwards to about I50 f e e t around Hensingham. Passing f a r t h e r 
n o r t h the Group thickens to about ^ 0 f e e t around the l a t i t u d e of Workington, 
some e i g h t miles north of Hensingham; t h i s thickening i s not simple, however, 
because there are l o c a l v a r i a t i o n s , as at Lamplugh, some seven miles n o r t h -
east of Hensingheim, where the Group appears to be only about 60 f e e t t h i c k . 
I n the next eight miles or so north the thickening i s even more pronounced, 
reaching around 1,600 f e e t i n boreholes at Bank End, one eind a quarter miles 
north-east of Maryport, and B l u e d i a l , three and a h a l f miles north-east of 
Maryport, The manner of th i c k e n i n g i n t h i s northern region appears to be 
somewhat complicated since i n boreholes near Crosby, two and a heilf miles 
east-north-east of Maryport, and Aspa t r i a , three miles north-east of G i l -
crux, the Group i s only about ^ 0 f e e t t h i c k , whereas to the.south of t h i s 
a t B u l l g i l l , one and a quarter miles west of Gi l c r u x , and T a l l e n t i r e , two 
miles south-south-west of G i l c r i r x , Eastwood (1930) considered the Group 
again t o be of the order of 1,600 f e e t t h i c k . Thus, there i s a zone between 
Crosby amd Aspat r i a where the Group i s t h i n , separating two areas v/here the 
Group i s very much t h i c k e r . Eastwood (1930) suggested that the northward 
t h i c k e n i n g of the Hensingham Group, as w e l l as the i n t e r c a l a t i o n of non-
calcareous sediments i n the Main Limestone Group below i t , could be explained 
by the existence of the westward continuation of the Northumbrian Trough to 
the n o r t h of Workington; the complication introduced by the t h i n n i n g of the 
Group between Crosby and Aspatria was taken to i n d i c a t e that the Trough was 
not a simple depression, but one having a low ridge i n i t . 
S t r a t i g r a p h y 
As st a t e d p r e v i o u s l y , i t seems most l i k e l y t h a t the lower p a r t of the 
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Hensingham Group r e p r e s e n t s t h e beds o f t h e Great Cyclothem above t h e bassil 
l i m e s t o n e , b u t , because t h e Hensingham Group l a c k s d e f i n i t i o n i n terms o f 
c y c l i c a l s e d i m e n t a t i o n , i t i s i m p o s s i b l e t o be ve r y much more s p e c i f i c than 
t h i s . On t h e o t h e r hand, because a t o r cl o s e t o the base o f t h e Hensingham 
Group t h e prominent Hensingham G r i t i s known t o o c c a s i o n a l l y have an e r o s i v e 
base, one m i g h t be tempted t o p o s t u l a t e t h e presence o f an u n c o n f o r m i t y a t 
th e base o f t h e G r i t c u t t i n g o ut t h e beds r e p r e s e n t i n g the Great Cyclothem 
above t h e bassil l i m e s t o n e . However, t h i s l a t t e r p o s t u l a t e i s silmost c e r t -
a i n l y n o t c o r r e c t s i n c e , eilthough t h e r e are o c c a s i o n a l minor i n e q u a l i t i e s 
where t h e Hensingham G r i t c u t s i n t o t h e F i r s t (= Great) Limestone, over most 
o f West Gimberland t h e G r i t occurs a t about the same p o s i t i o n w i t h r e s p e c t 
t o p a r t i c u l a r beds o f t h e F i r s t Limestone. Thus, a c c e p t i n g t h e o r i g i n a l 
s u g g e s t i o n , e i t h e r p a r t o f t h e Hensingham G r i t o r t h e whole o f i t and some 
o f t h e beds o f the Hensingham Group above i t r e p r e s e n t the beds o f t h e Great 
Cyclothem above t h e b a s a l l i m e s t o n e . 
I m m e d i a t e l y above t h e F i r s t (=: Great) Limestone t h e r e i s f r e q u e n t l y a 
development o f shale w h i c h v a r i e s between a few i n c h e s and about 12 f e e t 
i n t h i c k n e s s . The shale i s u s u a l l y b a r r e n , b u t t h i s i s not always so s i n c e 
f o s s i l s have been found i n i t o c c a s i o n a l l y . I n some cases the shale becomes 
sandy upwards and grades i n t o the o v e r l y i n g Hensinghsim G r i t , I n o t h e r 
cases, however, the o v e r l y i n g Hensingham G r i t has a s h a r p l y d e f i n e d e r o s i v e 
base and t h e s h a l e between t h e G r i t smd t h e F i r s t Limestone i s c u t out p a r t l y 
o r c o m p l e t e l y , t h e G r i t a c t u a l l y c u t t i n g the upper p a r t o f the F i r s t 
L imestone a t a few l o c a l i t i e s . 
The s o - c a l l e d Hensingham G r i t i s r a t h e r a r b i t r a r i l y d e f i n e d s i n c e i t s 
upper l i m i t i s n o t c l e a r l y mairked and, t h e r e f o r e , i t i s i m p o s s i b l e t o be 
c e r t a i n t h a t the same h o r i z o n i s talcen as i t s t o p i n every case. The 
d e p o s i t a p p a r e n t l y v a r i e s i n t h i c k n e s s between about l8 f e e t and 100 f e e t , 
b e i n g t h i n n e s t o v e r a i l l i n the s o u t h e r n p a r t o f the r e g i o n , as might be 
expected; however, i n t h e n o r t h e r n p a r t o f the r e g i o n t h e r e are o c c a s i o n a l 
p l a c e s where i t i s a l s o p o o r l y r e p r e s e n t e d . The d e p o s i t r e f e r r e d t o as t h e 
Hensingham G r i t may c o n s i s t e n t i r e l y o f arenaceous m a t e r i a l , b ut i n many 
cases i t c o n s i s t s o f arenaceous m a t e r i a l d i v i d e d by a baind or bands o f 
s h a l e . The arenaceous m a t e r i a l c o m p r i s i n g the G r i t v a r i e s from f a i r l y 
c o arse g r a i n e d g r i t t o mo d e r a t e l y f i n e g r a i n e d sandstone, \d.th q u a r t z as 
t h e main c o n s t i t u e n t ; no f r e s h f e l d s p a r has been n o t i c e d , b u t the r o c k i s 
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sometimes r i c h l y micaceous, e s p e c i a l l y where i t i s coarse g r a i n e d and t h i n 
bedded. O c c a s i o n a l l y t h e arenaceous m a t e r i s i l i s p a r t l y calcareous and, 
a l s o , c r o s s - b e d d i n g has been note d as a f e a t u r e o f the arenaceous components 
a t some l o c a l i t i e s . A t a few i s o l a t e d l o c a l i t i e s p a r t o f the arenaceous 
p o r t i o n o f the G r i t has been found t o be f o s s i l i f e r o u s and c o n t a i n b r a c h i -
opods and l e m e l l i b r a n c h s ; n o r m a l l y , however, t h e o n l y f o s s i l materiaQ. i n 
i t c o n s i s t s o f p l a n t remains which sometimes m a n i f e s t themselves as c h i p s 
o f c o c i l . The band o r bands o f shale w i t h i n t h e G r i t may be ve r y t h i n or 
q u i t e p r o m i n e n t . W i t l i i n one such prominent band o f shale a t h i n c o a l has 
been f o u n d , and, elsewhere, a t h i n o r l e n t i c u l a r l i m e s t o n e has been recorded 
w i t h i n a s h a l e p a r t i n g . I n a d d i t i o n , the shale p a r t i n g s have been found t o 
be f o s s i l i f e r o u s i n a number o f cases. 
The remainder o f t h e Hensingham Group above t h e Hensingham G r i t i s 
comprised m a i n l y o f shale w i t h s u b s i d i a r y sandstones, such l i m e s t o n e s and 
coals as a r e p r e s e n t b e i n g t h i n ajid poor. W i t h i n t h i s sequence, which, 
as s t a t e d above, c o m p l e t e l y l a c k s d e f i n i t i o n i n terms o f c y c l i c a l sedimen-
t a t i o n , l i t h o l o g i c a l changes, b o t h l a t e r a l and v e r t i c a l , occur w i t h such 
r a p i d i t y t h a t i n s e c t i o n s l e s s t h a n a m i l e a p a r t i t i s i m p o s s i b l e t o attem p t 
more t h a n a broad c o r r e l a t i o n o f b e l t s o f s t r a t a . The shales are dark and 
o f t e n t h e y a r e f o s s i l i f e r o u s , e s p e c i a l l y where they are l i m y . A t h i n bedded 
c h a r a c t e r i s g e n e r a l l y a f e a t u r e o f the sandstones which a l s o f r e q u e n t l y 
c o n t a i n abundant p l a n t r o o t l e t s i n s i t u i n t h e i r upper p a r t s ; i n a d d i t i o n , 
t h e sandstones are o c c a s i o n a l l y l i m y and f o s s i l i f e r o u s . The l i m e s t o n e s are 
l e n t i c u l a r and seldom exceed 2 f e e t i n t h i c k n e s s ; t h e y are g e n e r a l l y o f a 
da r k c o l o u r and are impure, b u t u s u a l l y they are reasonably f o s s i l i f e r o u s ; 
i n some cases the l i m e s t o n e s pass l a t e r a l l y i n t o c l a y i r o n s t o n e , w h i l s t i n 
o t h e r cases t h e l i m e s t o n e s a r e p a r t l y s i l i c i f i e d . Coals are never w e l l 
developed w i t h i n the sequence and, i n f a c t , are r a r e l y seen. 
The above type o f l i t h o l o g y f o r t h e Hensingham Group p e r s i s t s as f a r 
s o u t h as Egremont where t h e beds disappear beneath younger r o c k s . Some-
where beneath t h i s cover o f younger r o c k s t h e r e i s a marked f a c i e s change, 
however, s i n c e i n the Furness D i s t r i c t o f South Cumberland a t l e a s t p a r t 
o f t h e Hensingham Group, as w e l l as the Main Limestone Group ( i n c l u d i n g the 
F i r s t L i m e s t o n e ) below i t , i s p r o b a b l y r e p r e s e n t e d by p a r t o f t h e predom-
i n a n t l y s h a l y Gleaston Group. 
- 162 -
THE KlUKBY LONSDALE AEEA 
I n t r o d u c t i o n 
I n t h i s a r e a the o u t c r o p o f the Great Cyclothem, which i s n o t v e r y 
e x t e n s i v e , s t r e t c h e s t o the east and west o f W h i t t i n g t o n , the l a t t e r b e i n g 
s i t u a t e d about one and a h a l f m i l e s south-south-west o f K i r k b y Lonsdale 
( F i g . 1 ) . A l t h o u g h the o u t c r o p appears t o be uncomplicated s t r u c t u r a l l y , 
t h e beds a r e n o t w e l l exposed and Hicks (19^8), t h e most r e c e n t worker on 
th e a r e a , d i d n o t f i n d i t p o s s i b l e t o i n t e r p r e t what exposures t h e r e are 
above t h e Main (= Great) Limestone v / i t h c e r t a i n t y . The Main Limestone, 
w h i c h i s about 15 f e e t t h i c k t h r o u g h o u t the area, i s reasonably w e l l d e f -
i n e d a t t h e base o f the sequence, £ind can be t r a c e d from east t o west 
a c r o s s t h e a r e a from t h e R i v e r Lune t o h a l f a m i l e south o f B u t t o n Roof 
where i t t u r n s t o r u n south-south-west u n t i l i t abuts the f a i i l t s e p a r a t i n g 
i t f r o m o l d e r beds. U n f o r t u n a t e l y , nowhere i n the area has an eq u i v s i l e n t 
o f t h e Upper L i t t l e Limestone been r e c o g n i z e d t o d e l i m i t the t o p o f the 
cy c l o t h e m . N e v e r t h e l e s s , Hicks (op. c i t . ) c o n s i d e r e d an a p p r e c i a b l e t h i c k -
ness o f t h e s h a l e and sandstone sequence above the Main Limestone t o be the 
e q u i v a l e n t o f t h e Coal S i l l s Group elsewhere. The s t r a t i g r a p h y o f these 
beds does n o t compare c l o s e l y w i t h t h a t o f the type Coal S i l l s succession, 
however, no c o a l s b e i n g developed. 
Thickness V a r i a t i o n 
As s t a t e d above. H i c k s (1958) b e l i e v e d t h a t a c o n s i d e r a b l e t h i c k n e s s 
(shown as a p p r o x i m a t e l y 175 f e e t p l u s on a g e n e r a l i z e d s e c t i o n ) o f th e 
s t r a t a above the Main Limestone i n t h i s area was e q i i i v a l e n t t o the t h i n n e r 
Coal S i l l s Group succes s i o n o f the A s k r i g g Block. I f t h i s i s so, as seems 
r e a s o n a b l y p r o b a b l e , the K i r k b y Lonsdale area must be s i t u a t e d w i t h i n a 
b a s i n o f d e p o s i t i o n which i s p r o b a b l y the s o u t h e r n p r o l o n g a t i o n o f the 
Ravenstonedale G u l f . Such a t h i c k e n i n g of the beds i s not e n t i r e l y un-
expected s i n c e , as p o i n t e d out p r e v i o u s l y , i n p a s s i n g from east t o west the 
e q u i v a l e n t s t r a t a on the A s k r i g g B l o c k t h i c k e n towards the Dent F a u l t System, 
t h e l a t t e r presumably h a v i n g a c t e d as a contemperaneous h i n g e - l i n e d u r i n g 
d e p o s i t i o n , w i t h t h i c k s e d i m e n t a t i o n i n an area o f subsidence t o the west 
o f i t and t h i n n e r s e d i m e n t a t i o n t o the east of i t i n a more s t a b l e area. 
F u r t h e r m o r e , M i l l e r and Turner (1951) recorded t h a t the Yoredale beds south 
o f K i r k b y Lonsdale are over 2,000 f e e t t h i c k and, t h e r e f o r e , t w i c e as t h i c k 
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as t h e y are t o the east o f the Dent F a u l t System, 
S t r a t i g r a p h y 
A c c o r d i n g t o H i c k s (1958) t h e beds i m m e d i a t e l y above t h e Main Lime-
stone c o n s i s t o f shale and f l a g g y s h ale (shown as a p p r o x i m a t e l y 100 f e e t 
t h i c k on t h e g e n e r a l i z e d s e c t i o n ) w i t h a f l a g g y sandstone above t h i s , no 
c o a l a t a l l h a v i n g been d i s c o v e r e d . A s s o c i a t e d w i t h the f l a g g y sandstone 
around W h i t t i n g t o n i s a 2 f e e t t h i c k medium t o coarse g r a i n e d sandstone 
w h i c h i s crowded w i t h s h ale pebbles up t o 1 f o o t l o n g . T h i s p a r t i c u l a r 
h o r i z o n i s somewhat i m p e r s i s t e n t around W h i t t i n g t o n . N e v e r t h e l e s s , i t 
appears t o c o r r e l a t e w i t h a sandstone t o the east o f W h i t t i n g t o n , and t o 
the west i t develops t o a t l e a s t 15 f e e t t h i c k i n Town's Quarry, about 
t h r e e q u a r t e r s o f a m i l e w e s t - n o r t h - w e s t o f W h i t t i n g t o n . A f u r t h e r t h r e e 
q u a r t e r s o f a m i l e t o the w e s t - n o r t h - w e s t , i n the B u t t o n Roof Q u a r r i e s , 
t h e e q u i v a l e n t appears t o be over 100 f e e t t h i c k and i t c o n s i s t s o f two 
main sandstone components s e p a r a t e d by a t h i c k n e s s o f a t l e a s t 20 f e e t o f 
l a m i n a t e d s i l t y mudstone w i t h l e n s e s o f sandstone. South-v/est o f the B u t t o n 
Roof Q u a r r i e s the h o r i z o n has n o t been r e c o g n i z e d and the sandstone i s 
p r o b a b l y v e r y much a t t e n u a t e d . The manner i n which t h i s sandstone r a p i d l y 
t h i c k e n s and t h i n s suggests t h a t i t occupies a washout-channel; t h u s , i t 
i s t e m p t i n g t o r e l a t e i t d i r e c t l y t o the coarse g r a i n e d c h a n n e l - f i l l sand-
stone o f Baugh F e l l , b u t w i t h o u t more d e f i n i t e evidence i t i s i m p o s s i b l e 
t o be c a t e g o r i c a l on t h i s p o i n t . 
Summarizing, i t can be seen from the above t h a t i n t h i s area the beds 
o f t h e Great Cyclothem above the b a s a l l i m e s t o n e appear t o be t h i c k e r than 
t h e i r e q u i v a l e n t s on the a d j a c e n t A s k r i g g Block. They c o n s i s t o f shale and 
sandstone, b u t no c o a l has been d i s c o v e r e d ; the most prominent sandstone 
h o r i z o n i s p o s s i b l y a s a n d s t o n e - f i l l e d washout-cheinnel, 
TBE ISLE pF MAN 
Rocks o f C a r b o n i f e r o u s age are known i n t h r e e areas o f the I s l e o f 
Man, one towards the s o u t h e r n t i p o f the i s l e m d around Castletown, one on 
the west coast around Peel and the o t h e r a t the n o r t h e r n end o f the i s l a n d . 
Only a t t h e n o r t h e r n t i p o f the i s l a n d are beds o f e q u i v a l e n t age t o the 
Great Cyclothem p r e s e r v e d , however, and these are o n l y known from one deep 
b o r e h o l e w h i c h was re c o r d e d by Smith (1927). Considered o v e r a l l , t h e lower 
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p a r t o f t h e sequence proved by the borehole i s comparable w i t h t h a t o f West 
Cumberland up t o what i s t a k e n as the e q u i v a l e n t o f the Great (= F i r s t ) 
L i m estone, b u t above t h i s the beds are more l i k e those above the Great Lime-
st o n e i n N o r t h - e a s t Cumberland than the Hensingham Group o f West Cumberland, 
I n the b o r e h o l e . Smith (1927) c o n s i d e r e d the Great Limestone t o be rep-
r e s e n t e d by 25 f e e t o f massive grey l i m e s t o n e , b u t , i n a d d i t i o n , above the 
massive l i m e s t o n e the 15 f e e t o f f o s s i l i f e r o u s shale f o l l o w e d by 2 t o 3 
f e e t o f s h a l e and l i m e s t o n e s h o u l d p r o b a b l y be c o n s i d e r e d ais the Tumbler 
Beds component o f the Great Limestone by analogy w i t h o t h e r areas.- Over-
l y i n g these beds i n the b o r e h o l e a 65 t o 67 f e e t t h i c k n e s s o f shale was 
p r o v e d and t h i s was f o l l o w e d by a sandstone-shale sequence c o n s i s t i n g o f 3 
f e e t o f sandstone a t the base o v e r l a i n by 15 f e e t o f shale and 18 f e e t o f 
i n t e r b e d d e d sandstone, c a l c a r e o u s g r i t and s h a l e . W i t h i n the t h i c k shale 
a 9 i n c h e s t h i c k c o a l seam was found 20 t o 22 f e e t above what has been 
t a k e n as t h e t o p o f Great Limestone Tumbler Beds. By analogy w i t h t h e 
sequence o f N o r t h - e a s t Cumberland, Smith (op. c i t . ) c onsidered t h i s c o a l t o 
be t h e e q u i v a l e n t o f the s o - c a l l e d L i t t l e Limestone c o a l , the sandstone-
s h a l e sequence above the t h i c k shale b e i n g taken as the r e p r e s e n t a t i v e o f 
t h e F i r e s t o n e S i l l . Thus, i f Smith's s u g g e s t i o n s , which seem reasonable 
enough, are accepted, t h e r e i s no e q u i v a l e n t o f the L i t t l e Limestone d e v e l -
oped and, t h e r e f o r e , t h e upper l i m i t o f the sequence equivaQ.ent t o the 
Great Cyclothem i s not a c c u r a t e l y d e f i n e d . N e v e r t h e l e s s , the l i m i t must 
l i e somewhere i n the shale a s h o r t d i s t a n c e above the 9 inches t h i c k cosil 
seam a j i d , c o n s e q u e n t l y , t h e beds r e p r e s e n t i n g the upper p a r t o f the Great 
Cyclothem above the b a s a l l i m e s t o n e are r e l a t i v e l y t h i n and they c o n s i s t 
e n t i r e l y o f s h a l e except f o r the c o a l seam. Such a s i t u a t i o n w i t h t h i n 
sediments c o n t a i n i n g no sandstone i s q u i t e e a s i l y e x p l a i n e d , s i n c e i t woixld 
appear t h a t t h e n o r t h e r n end o f t h e I s l e o f Man l a y towards the s o u t h e r n 
l i m i t o f t h e n o r t h e r n r e g i o n o f d e l t a i c d e p o s i t i o n d u r i n g t h i s p e r i o d , 
s i m i l a r t o the s o u t h e r n p a r t o f the A s k r i g g B l o c k which has a l r e a d y been 
d e s c r i b e d . Some c o n f i r m a t i o n t h a t the n o r t h e r n p a r t o f the I s l e o f Man was 
s i t u a t e d i n t h e p o s i t i o n d e s c r i b e d above i s f o r t h c o m i n g from the sequence 
a t the s o u t h e r n t i p o f the i s l a n d which, a l t h o u g h i t i s c o n s i d e r a b l y o l d e r 
t h a n t h e Great Cyclothem, i n d i c a t e s t h a t i t was formed w i t h i n a r e g i o n o f 
d i f f e r e n t environment t o t h a t o f the n o r t h e r n sequence; t h i s r e g i o n was 
p o s s i b l y t h e w e s t e r n c o n t i n u a t i o n o f the Bowland Trough. 
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THE CRAVEN DISTRICT 
As f a r as the Great Cyclothem i s concerned, across the r e g i o n now 
occupied by t h e Craven F a u l t s t h e r e was o b v i o u s l y a n o r t h t o south change 
from a t y p i c a l Yoredale l i t h o l o g y i n t o a Bowland Shale l i t h o l o g y , as i l l u s -
t r a t e d d i a g r a m m a t i c a l l y f o r t h e complete succession by Edwards and T r o t t e r 
(195^, p.19, f i g . 8). The a c t u a l change i s never seen w i t h r e s p e c t t o the 
Great Cyclothem, however, b a s i c a l l y because the cyclothem as such wedges 
out on t h e A s k r i g g B l o c k , and a l s o because the u n c o n f o r m i t y a t the base o f 
th e G r a s s i n g t o n G r i t c u t s out beds i n the c r i t i c a l s t r e t c h o f ground i n 
any case. On the b a s i s o f g o n i a t i t e evidence, the Great Cyclothem has 
been shown t o be o f lower E^ age (Johnson, Hodge and F a i r b a i r n , 1962) as 
has t h e l o w e r p a r t o f t h e Upper Bowlsind Shales which c o n t a i n the SceuLe 
Haw Limestone o f E age (Budson emd C o t t o n , 19^5)* From the above i n f o r -
m a t i o n , and e s p e c i a l l y as i t i s r e a s o n a b l y c e r t a i n t h a t the Scale Haw 
Limestone i s t h e r e p r e s e n t a t i v e o f the Main (=Great) Limestone ( B l a c k , 
1950), i t becomes apparent t h a t the Upper Bowland Shales immediately 
above t h e Scale Haw Limestone are the r e p r e s e n t a t i v e s o f the p a r t o f the 
Great Cyclothem above the b a s a l l i m e s t o n e . However, i t i s i m p o s s i b l e t o 
a c c u r a t e l y d e f i n e the upper l i m i t o f the e q u i v a l e n t beds since no marker 
h o r i z o n i s p r e s e n t i n t h e s h a l e s t o equate with the Upper L i t t l e Limestone. 
A l t h o u g h no s p e c i f i c d e t a i l s are known, the Boroughbridge Borehole 
(Hudson, 19^9) proved s i m i l a r b a s i n f a c i e s sediments t o those i n the Craven 
D i s t r i c t some f i f t e e n m i l e s t o the e a s t , thus i n d i c a t i n g t h a t the Craven 
F a u l t s . p r o b a b l y veer t o t h e n o r t h p a s s i n g eastwards, as suggested by George 
(1958). 
THE FUmreSS DISTRICT 
I n t h i s r e g i o n , which l i e s t o t h e south o f the Lake D i s t r i c t and 
comprises South Cumberland, a s i m i l a r s i t u a t i o n t o t h a t i n the Craven D i s -
t r i c t e x i s t s . Here, t h e Gleaston or Yoredale Group, which i s quoted as 
b e i n g o f D^ - D^ age, c o n s i s t s o f b l a c k shales up t o 1,400 f e e t t h i c k which 
c o n t a i n t h i n d a r k c h e r t y or coarse c r i n o i d a l l i m e s t o n e s and t h i n sandstones 
i n t h e i r l o w e r 500 f e e t (Dunham and Rose, 19^1; Eastwood, 1953). However, 
no e q u i v a l e n t o f the Great Limestone has been found i n these shales even 
though t h e F i r s t (=Great) Limestone i s a prominent member o f the sequence 
i n West Cumberland o n l y a few m i l e s t o the n o r t h . N e i t h e r does any gonia-
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t i t e e v i d e n c e " e x i s t t o a l l o w an a t t e m p t a t a c o r r e l a t i o n o f the Great 
Cyclothem w i t h beds i n t h i s r e g i o n . I n f a c t , a l l t h a t can be s a i d i s 
t h a t some o f t h e b l a c k s h a l e s i n the upper p a r t o f the Gleaston Group 
m i g h t be e q u i v a l e n t t o t h e Great Cyclothem. 
The marked f a c i e s change which must take p l a c e p a s s i n g n o r t h towards 
West Cumberland has a l r e a d y been mentioned, b u t i t might be r e - i t e r a t e d 
t h a t p a r t o f t h e Gleaston Group i s p r o b a b l y e q u i v a l e n t t o the Main Lime-
s t o n e Group and a t l e a s t p a r t o f the o v e r l y i n g Hensingham Group o f West 
Cumberland. 
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CHAPTER V 
SANDSTONE PETROLOGY 
GENERAL 
The major sandstones o f t h e Great Cyclothem have been examined i n 
d e t a i l p e t r o l o g i c a l l y , e s s e n t i a l l y from the p o i n t o f view o f h e l p i n g t o 
assess t h e i r provenance and t h e c o n d i t i o n s under which they were d e p o s i t e d . 
O b v i o u s l y , t h e i n f o r m a t i o n so gained does not y i e l d a complete answer as 
f a r as these m a t t e r s are concerned and i t i s necessary t o take i n t o c o n s i d -
e r a t i o n t h e o t h e r d i a g n o s t i c f e a t u r e s o f th e sandstones such as t h e i r f i e l d 
r e l a t i o n s h i p s , sedimentary s t r u c t u r e s and f o s s i l c o n t e n t b e f o r e any s a t i s -
f a c t o r y comprehensive i n t e r p r e t a t i o n can be made. A p a r t from t h e major 
sandstones, o t h e r components o f the cyclothem have been examined p e t r o l o g -
i c a l l y , such i n v e s t i g a t i o n s h a v i n g been m a i n l y f o r s p e c i f i c i d e n t i f i c a t i o n 
purposes, however, and t h e r e s u l t s have been embodied i n the s t r a t i g r a p h i c a l 
s e c t i o n s (Chapters I I I and I V ) o f t h i s work. I n p a r t i c u l a r , no d e t a i l e d 
s t u d y o f t h e sha l e s was made s i n c e i f i t had t h e r e v/ould have been d u p l i -
c a t i o n o f e f f o r t because Yoredale s h a l e s were synchronously and s p e c i f i c e i l l y 
i n v e s t i g a t e d by a c o l l e a g u e (Harbord, I962), w i t h whom th e r e has been con-
s i d e r a b l e m u t u a l c o - o p e r a t i o n . Furthermore, f o r the purpose o f t h i s work, 
w h i c h has been more p a r t i c u l a r l y d i r e c t e d towards the Coal S i l l s Group and 
i t s e q u i v a l e n t s r a t h e r than the b a s a l l i m e s t o n e o f the cyclothem, i t was 
c o n s i d e r e d ' t h a t t h e sandstones p r e s e n t e d more numerous and r e l i a b l y i n t e r -
p r e t e d f e a t u r e s than t h e s h a l e s , t h e l a t t e r p r e s e n t i n g an i n v o l v e d problem 
i n themselves s i n c e t h e y r e q u i r e s u b t l e techniques o f i n v e s t i g a t i o n and, i n 
a d d i t i o n , a r e p a r t i c u l a r l y s u s c e p t i b l e t o marked change from t h e i r o r i g i n a l 
s t a t e caused by such agents as d i a g e n i s i s , m i n e r a l i z a t i o n and w e a t h e r i n g . 
A l s o , c o n c l u s i o n s d e r i v e d from a st u d y o f the sandstones have a b e a r i n g on 
th e s h a l e s because o f the f r e q u e n t i n t i m a t e a s s o c i a t i o n o f the two l i t h -
o l o g i e s . The f a i l u r e t o i n v e s t i g a t e a l l t h e l i t h o l o g i e s i n d e t a i l i n the 
p r e s e n t work o b v i o u s l y does n o t mean t h a t i n the f i n a l a n a l y s i s a l l are not 
tak e n i n t o c o n s i d e r a t i o n because the assessment would be incomplete o t h e r -
w i s e . I n t h i s c o n t e x t i t m i g h t be mentioned t h a t , a l t h o u g h i t i s n o t f u l l y 
comprehensive, some d e t a i l e d p e t r o l o g i c a l i n f o r m a t i o n r e l a t i n g t o o t h e r 
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l i t h o l o g i e s i n v o l v e d i n t h e cyclothem i s a v a i l a b l e a p a r t from t h a t o f 
Harbord (op. c i t . ) on t h e s h a l e s , f o r example, the work o f W e l l s (1955a 
and 1955b) on t h e Main C h e r t . 
The m a j o r i t y o f t h e sandstones examined were from t h e A l s t o n B l o c k , 
b u t t o broaden the f i e l d and c o r r e l a t e w i t h e x i s t i n g o b s e r v a t i o n s , samples 
from o t h e r areas have been i n v e s t i g a t e d ; i n a d d i t i o n , a l l the i n f o r m a t i o n 
accumulated by o t h e r workers has been u t i l i z e d . The method o f st u d y i n v o l v e d 
t h e t e c h n i q u e s enumerated below:-
( i ) The s t a n d a r d e x a m i n a t i o n o f t h i n s e c t i o n s u s i n g a 
p e t r o l o g i c a l microscope f o r t h e d e t e r m i n a t i o n o f the v a r i o u s 
c o n s t i t u e n t s o f each sandstone. I d e n t i f i c a t i o n o f most of 
t h e m i n e r a l s was made by means o f t h e i r o p t i c a l p r o p e r t i e s . 
One r e f i n e m e n t was i n t r o d u c e d , however, i n t h a t s e l e c t e d 
t h i n s e c t i o n s were s t a i n e d w i t h sodium c o b a l t o n i t r i t e s o l u -
t i o n a f t e r e t c h i n g t h e t h i n s e c t i o n s u r f a c e w i t h h y d r o f l u o r i c 
a c i d ; t h i s t e c h n i q u e serves t o p i n - p o i n t any potash f e l d s p a r 
by s t a i n i n g i t y e l l o w i f i t i s p r e s e n t . The p r o p o r t i o n s of 
t h e v a r i o u s c o n s t i t u e n t s were e s t i m a t e d v i s u a l l y u s i n g c h a r t s 
designed f o r the purpose; more r e f i n e d methods were n o t used 
because t h e sandstones are comprised essentiauLly o f q u a r t z i n 
t h e m a j o r i t y o f cases. The microscope was f i t t e d w i t h a 
micrometer-eyepiece f o r measuring g r a i n s i z e s and t h e v a r i a t i o n 
o f t h e same, ( t o assess t h e degree o f s o r t i n g ) i n each t h i n 
s e c t i o n ; i t i s accepted t h a t such a method f o r i n v e s t i g a t i n g 
g r a i n s i z e s and t h e i r v a r i a t i o n i s not the i d e a l one s i n c e 
i t has v e r y d e f i n i t e l i m i t a t i o n s , b u t i n such a study as t h i s 
on i n d u r a t e d r o c k s w i t h a dominant s i l i c a cement, even l e s s 
s a t i s f a c t o r y r e s u l t s would a r i s e i f a t t e m p t s were made t o 
di s a g g r e g a t e t h e sandstones i n o r d e r t o c a r r y out si e v e 
a n a l y s e s on them. A l l g r a i n s i z e d e t e r m i n a t i o n s have been 
r e l a t e d t o the Wentworth grade s c a l e (Wentworth, 1922), t h e 
p e r t i n e n t p a r t o f i^ h i c h i s summarized i n Table V I I . As f a r 
as g r a i n shape (degree o f roundness and s p h e r i c i t y ) i s 
concerned, v i s u a l e s t i m a t e s were made from the t h i n s e c t i o n s 
u s i n g c h a r t s designed f o r the purpose. 
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Table V I I 
Pa r t o f t h e Wentworth grade s c a l e 
G r a i n s i z e (mm.) D e s i g n a t i o n 
k - 64 Pebbles. 
2 - 4 Granules. 
1 - 2 Very coarse greiined sand. 
0.5 - 1 Coarse g r a i n e d sand. 
0.25 - 0.5 Medium g r a i n e d sand. 
0.125 - 0.25 F i n e g r a i n e d sand. 
0.625 - 0.125 Very f i n e g r a i n e d sand. 
0.004 - 0.125 S i l t . 
Less than 0.004 Clay. 
( i i ) A p a r t from t h e i r i n v e s t i g a t i o n i n t h i n s e c t i o n , the 
heavy m i n e r a l s o f s e l e c t e d sandstones have been s t u d i e d f u r t h e r 
a f t e r s e p a r a t i n g them from crushed samples, t h i s o p e r a t i o n b e i n g 
c a r r i e d o u t i n i t i a l l y by panning and f i n a l l y by u s i n g bromoform 
as t h e media i n t h e s t a n d a r d manner; the process o f panning was 
checked and found t o be a s a t i s f a c t o r y technique f o r making a 
p r i m a r y c o n c e n t r a t e , t h u s speeding up the o v e r a l l s e p a r a t i o n 
process c o n s i d e r a b l y . Sandstones from a loiown c o n s t a n t h o r i z o n 
and f r o m random h o r i z o n s have been considered i n o r d e r t o d e t e r -
mine whether t h e r e i s any l a t e r a l and v e r t i c a l v a r i a t i o n i n the 
heavy m i n e r a l assemblage. 
( i i i ) I n a few cases e i t h e r X-ray powder photography or d i f f e r -
e n t i a l t h e r m a l e i n a l y s i s was used f o r the d e t e r m i n a t i o n of i n t e r s t i t i a l 
c l a y m i n e r a l s and cements which c o u l d not be i d e n t i f i e d s a t i s f a c t o r i l y 
by o p t i c a l methods. 
( i v ) Occasional s u l p h i d e - b e a r i n g sandstones have been i n v e s -
t i g a t e d by means o f p o l i s h e d s e c t i o n s i n o r d e r t o p o s i t i v e l y 
i d e n t i f y the s u l p h i d e as p y r i t e . Here, i t might be mentioned 
t h a t s e v e r a l s u l p h i d e - b e a r i n g i r o n s t o n e nodules, shales and c o a l s 
have a l s o been examined be means o f p o l i s h e d s e c t i o n s f o r a 
s i m i l a r reason and a l l , i n c l u d i n g the c o a l s , proved t o c o n t a i n 
no o t h e r s u l p h i d e b u t p y r i t e . I n the case o f t h e sandstones 
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t h e p y r i t e appears t o be e s s e n t i a l l y secondary s i n c e i t can 
f r e q u e n t l y be seen r e p l a c i n g q u a r t z g r a i n s ; however, i n t h e 
o t h e r l i t h o l o g i e s t h e p y r i t e i s p r o b a b l y p r i m a r y i n most 
cases, i t s f o r m a t i o n b e i n g a t t r i b u t a b l e t o the former e x i s -
tence o f r e d u c i n g c o n d i t i o n s . 
The major p a r t s o f a l l t he sandstones are p r e d o m i n a n t l y composed o f 
q u a r t z g r a i n s , t h e o t h e r components, a p a r t from t h e c l a y m i n e r a l s and 
micas, o n l y b e i n g minor c o n s t i t u e n t s g e n e r a l l y . The p r o p o r t i o n o f c l a y 
m i n e r a l s r i s e s c o n s i d e r a b l y where t h e sandstones are s h a l y , e s p e c i a l l y 
i n t h e sheet sandstones where t h e y grade up from t h e u n d e r l y i n g s h a l e ; 
however, i n many t h i n s e c t i o n s o f massive sandstone examined the c l a y 
c o n t e n t i s lov/. Mica can a l s o be common, p a r t i c u l a r l y where the sandstones 
are s h a l y and a l s o i n t h i n bands a l o n g many bedding planes, but n o r m a l l y 
i n t h e main body o f the sandstones mica i s o n l y a minor c o n s t i t u e n t . No 
v e r y marked d i f f e r e n c e i n t h e m i n e r a l o g y o f t h e sheet sandstones and t h e 
washout-channel sandstones i s apparent, eilthough t h e major washout-channel 
sandstone does c o n t a i n more f e l d s p a r i n i t s l o w e r p a r t than any o f t h e 
o t h e r sandstones. However, t h e two types o f sandstone do v a r y somewhat 
i n g r a i n s i z e , the washout-channel sandstones b e i n g s i g n i f i c a n t l y coarser 
g r a i n e d i n t h e i r lov^fer p a r t s when compared w i t h t h e o v e r s i l l g r a i n s i z e o f 
t h e sheet sandstones. The v a r i o u s aspects o f t h e sandstones are d e a l t 
w i t h i n more d e t a i l below. 
FIELD APPEARANCE 
The g e n e r a l c h a r a c t e r o f t h e bedding i n the i n d i v i d u a l sandstones has 
a l r e a d y been mentioned i n the s t r a t i g r a p h i c a l s e c t i o n (Chapter I V ) o f t h i s 
work, as have t h e sedimentary s t r u c t u r e s ; i n a d d i t i o n , t h e l a t t e r f e a t u r e s 
a r e t o be d e a l t w i t h more f u l l y i n Chapter V I . Consequently, no f u r t h e r 
d e t a i l s w i l l be g i v e n here s i n c e r e f e r e n c e may be made t o the p e r t i n e n t 
c h a p t e r s f o r i n f o r m a t i o n . S u f f i c e i s t o say t h a t the sandstones are o f t e n 
massive, b u t t h e y may be f l a g g y and i n a number o f cases they are s o f t 
and s h a l y t o some e x t e n t . A l l the major sandstone bodies are w e l l l i t h i -
f i e d a p a r t f r o m where t h e y are d i s t i n c t l y s h a l y o r where t h e r e i s an. 
o c c a s i o n a l band o f s o f t uncemented sand grade m a t e r i a l . I n most cases 
t h e sandstones are orange, brown or b u f f i n c o l o u r a t s u r f a c e owing t o 
t h e o x i d a t i o n o f t h e i r o r i g i n a l i r o n c o n t e n t and the i n t r o d u c t i o n of 
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o t h e r i r o n o x i d e by t h e w e a t h e r i n g processes. An i n t e r e s t i n g f e a t v i r e 
connected w i t h t h i s p o i n t i s the common occurrence o f a zoned c o l o u r 
v a r i a t i o n , a development p r o b a b l y a t t r i b u t a b l e t o a Liesgang r i n g e f f e c t . 
Where t h e sandstones a r e unweathered, as i n f r e s h underground exposures, 
t h e y a r e u s u a l l y grey t o b l u e - g r e y i n c o l o u r . 
TEXTURE 
I n t r o d u c t i o n 
The t e x t u r e o f t h e sandstones has been i n v e s t i g a t e d as f a r as the 
g r a i n s i z e , s o r t i n g , g r a i n shape and cementation are concerned and i t has 
been fou n d t h a t the major d i f f e r e n c e l i e s i n the v/ashout-channel sand-
s t o n e s b e i n g s i g n i f i c a n t l y c o a r s e r g r a i n e d and l e s s w e l l s o r t e d i n t h e i r 
l o w e r p a r t s when compared w i t h the o t h e r sandstones. The v a r i o u s f e a t u r e s 
a r e d i s c u s s e d i n more d e t a i l below, t h e g r a i n s i z e and s o r t i n g t o g e t h e r 
because o f t h e i r obvious i n t e r - r e l a t i o n s h i p , and t h e g r a i n shape and 
ce m e n t a t i o n t o g e t h e r because o f t h e e f f e c t which t h e l a t t e r has had on t h e 
f o r m e r . 
G r a i n S i z e and S o r t i n g 
The m a j o r p a r t s o f t h e sheet sandstones are e s s e n t i a l l y composed o f 
v e r y f i n e t o f i n e , f i n e , f i n e t o medium or medimn ( l o w e r p a r t o f the range) 
g r a i n s i z e d m a t e r i a l ( a l l g r a i n s i z e s are r e f e r a b l e t o the Wentworth grade 
s c a l e g i v e n i n Table V I I ) . However, l o c a l l y , as \-iell as i n p a s s i n g up 
from t h e u n d e r l y i n g s h ale and where t h e y are wedging out ( l o c a l l y and 
r e g i o n a l l y ) by p a s s i n g l a t e r a l l y i n t o s h a l e , the sandstones are much f i n e r 
g r a i n e d o v e r a l l v / i t h m a t e r i a l as f i n e as s i l t grade and even c l a y grade 
f o r m i n g a prominent component. On the o t h e r hand, the sheet sandstones do 
sometimes c o n t a i n an adm i x t u r e o f coarse g r a i n e d , g ranule and f i n e pebbly 
m a t e r i a l , as i n t h e upper p a r t o f the prominent f o s s i l i f e r o u s sandstone o f 
Teesdale; i n a d d i t i o n , t hey may l o c a l l y c o n s i s t o f such m a t e r i a l o v e r a l l 
w i t h pebbles up t o 7 mm. diameter; hov/ever, i t must be s t r e s s e d t h a t such 
o c c u r r e n c e s are n o t v e r y common. I n . s p i t e o f the v a r i a t i o n i n oversuLl 
g r a i n s i z e t h e m a t e r i s i l c o m p r i s i n g any p a r t i c u l a r p a r t o f a sandstone i s 
u s u a l l y w e l l s o r t e d and sometimes v e r y w e l l s o r t e d ( F i g . 32), the g r a i n 
s i z e v a r i a t i o n i n g e n e r a l b e i n g w i t h i n the range o f one o r two c l a s s e s o f 
the Wentworth grade s c a l e . However, t h e r e are e x c e p t i o n s t o t h i s r u l e 
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F i g . 32, W e l l s o r t e d f i n e t o medium g r a i n e d sandstone w i t h some 
secondary overgrowths; High Coal S i l l , Redmires Quarry, 
near Stanhope. Crossed n i c o l s , x 27. 
F i g . 33. P o o r l y s o r t e d v e r y f i n e t o coarse g r a i n e d sandstone w i t h 
a s m a l l amount o f i n t e r s t i t i a l c a l c i t e ; Upper White Hazle, 
L i n z g a r t h Cleugh, near Rookhope. Crossed n i c o l s , x 27, 
and o c c a s i o n a l patches o f p o o r l y s o r t e d m a t e r i a l are p r e s e n t , p a r t i c u l a r l y 
where the sandstones are c o a r s e s t . Such occurrences u s u a l l y appear t o be 
l o c a l , b u t i t has been found t h a t the upper component o f the V/hite Hazle 
i s p e r s i s t e n t l y r e l a t i v e l y p o o r l y s o r t e d , as i l l u s t r a t e d i n F i g . 33; as 
mentioned i n the s t r a t i g r a p h i c a l s e c t i o n o f t h i s work, t h i s sandstone com-
ponent i s s t r i c t l y t h e b a s a l member of t h e o v e r l y i n g L i t t l e Cyclothem, 
however. 
The main body of the sandstone f i l l i n g the contemporaneous "channel" 
shown on P l a t e I I I and d e s c r i b e d i n Chapter I V i s s i m i l a r t o t h a t o f the 
sheet sandstones and i t i s composed predominsmtly o f f i n e , f i n e t o medium 
and medium g r a i n e d m a t e r i a l w i t h reasonably good s o r t i n g , b ut i t does 
appear t o c o n t a i n r a t h e r more common coarse g r a i n e d l e n s e s . As opposed 
t o t h e washout-channel sandstones, t h e contemporaneous "channel" sandstone 
almost i n v a r i a b l y has a g r a d a t i o n a l base p a s s i n g up from the u n d e r l y i n g 
s h a l e , t h e low e r p a r t o f i t b e i n g comprised o f s i l t grade and very f i n e t o 
f i n e g r a i n e d sandy m a t e r i a l . -
The washout-channel sandstones, which have been d e s c r i b e d i n Chapter 
I V and d e l i m i t e d on P l a t e I I I , a re c h a r a c t e r i z e d by i n v a r i a b l y h a v i n g a 
sharp e r o s i v e base w i t h no g r a d a t i o n up from the u n d e r l y i n g sediments. 
The f i l l m a t e r i a l a t the base o f the major channel i s e s s e n t i a l l y o f v e r y 
coarse t o coarse g r a i n s i z e ( F i g s . 34 and 35) w i t h o c c a s i o n a l g r a i n s of 
g r a n u l e s i z e and r a r e pebbles up t o 20 mm. diameter; d e s p i t e t h e i r g e n e r a l 
r a r i t y . H i c k s (1958) has shown t h a t g r a n u l e s and pebbles o f up t o 20 mm, 
di a m e t e r a r e re a s o n a b l y common i n t h e washout-channel sandstone o f the 
Baugh F e l l r e g i o n i n the south-west p a r t of the A s k r i g g Block, t h a t i s 
t o say, a t what appears t o be the seaward end o f t h e major washout-channel; 
g r a n u l e s and pebbles up t o 13 mm. diameter are a l s o a prominent component 
i n t h e l o w e r l8 f e e t of the major washout-channel sandstone on M i c k l e F e l l . 
I n a d d i t i o n , the sandstone c o n t a i n s a minor f r a c t i o n o f m a t e r i a l which i n 
p l a c e s i s as s m a l l as v e r y f i n e g r a i n s i z e b u t u s u a l l y c o n s i d e r a b l y l a r g e r . 
Some d i f f e r e n t i a t i o n o f the v a r i o u s g r a i n s i z e s has been e f f e c t e d s i n c e i n 
p l a c e s t h e r e are t h i n l e n s e s o f v e r y coarse g r a i n e d or even pebbly m a t e r i a l 
amongst somewhat f i n e r m a t e r i a l ; i n the f i e l d such lenses o f t e n appear 
c o a r s e r t h a t they are because o f t h e i r p o r o s i t y and they may be c o l l o q u i -
a l l y termed g r i t w i t h o u t any o f t h e s p e c i f i c i m p l i c a t i o n s of t h a t name. 
Even where d i f f e r e n t i a t i o n has not taken place the m a t e r i a l c o m p r i s i n g 
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F i g , 3^ » M o d e r a t e l y s o r t e d coarse t o v e r y coarse grsdned sandstone 
w i t h p o l y c r y s t a l l i n e greiins and secondary overgrowths; High 
Coal S i l l major washout-channel sandstone base. Sunny Brow 
Mine Quarry, near S t , John's Chapel, Crossed n i c o l s , x 27. 
F i g . 35* Moderately s o r t e d coarse graiined sandstone w i t h f r e s h 
m i c r o c l i n e ; same l o c a l i t y as F i g . 3^» Crossed n i c o l s , x 27. 
t h e sandstone i s n o t t o o b a d l y s o r t e d o v e r a l l and i t may be d e s c r i b e d as 
m o d e r a t e l y s o r t e d ( F i g s . 3'+ and 35) as opposed t o the g e n e r a l l y w e l l s o r -
t e d m a t e r i a l o f t h e sheet sandstones; t h i s does not mean t o say t h a t t h e r e 
a r e n o t some p o o r l y s o r t e d patches, however. The coarse g r a i n e d nature of 
t h e sandstone p e r s i s t s upwards f o r a p p r o x i m a t e l y h a l f i t s t o t a l t h i c k n e s s , 
t h i s b e i n g a maximum o f about 'fO f e e t . The m a t e r i a l becomes l e s s coarse 
g r a i n e d upwards and e v e n t u a l l y above the h a l f way mark passes i n t o a l i t h -
o l o g y comprised o f e i t h e r medium, medivim t o f i n e or f i n e g r a i n e d saind which 
i s r e a s o n a b l y w e l l s o r t e d g e n e r a l l y ( s i m i l a r t o t h a t f o r m i n g the upper 
p a r t s o f the s u b s i d i a r y washout-channel sandstones, as i l l u s t r a t e d i n F i g . 
38). I n f a c t , i n p l a c e s the v e r y t o p o f t h e major washout-channel i s 
f i l l e d w i t h s i l t ' and c l a y grade m a t e r i a l c o n t a i n i n g o n l y a v e r y f i n e g r a i n e d 
sand a d m i x t u r e and d i s c r e t e t h i n bsmds o f f i n e g r a i n e d sand. The v e r y 
b a s a l p a r t s o f the sandstones f i l l i n g t h e s u b s i d i a r y channels are essen-
t i a l l y o f coarse g r a i n s i z e ( F i g . 36) w i t h a l i t t l e v e r y coarse g r a i n e d 
m a t e r i a l a s s o c i a t e d ( F i g . 37); a b n o r m a l l y and v e r y r a r e l y t h e r e are g r a i n s 
o f g r a n u l e and pebble s i z e up t o 9 diameter p r e s e n t a l s o . I n a d d i t i o n , 
t h e r e i s a s u b s i d i a r y a d m i x t u r e o f f i n e r g r a i n e d m a t e r i a l , p a r t i c u l a r l y 
o f medium g r a i n s i z e ( F i g s . 36 and 37) • N e v e r t h e l e s s , the sandstones are 
n o t too b a d l y s o r t e d o v e r a l l , v e r y p o o r l y s o r t e d m a t e r i a l o n l y b e i n g o f 
l o c a l e x t e n t . I n g e n e r a l t h e coarse g r a i n e d n a t u r e o n l y p e r s i s t s f o r the 
l o w e r 5 f e e t o r so o f t h e sandstones, t h e r e b e i n g o n l y r a r e e x c e p t i o n s t o 
t h i s r u l e . Above t h e i r b a s a l p a r t s t h e sandstones are comprised o f medium, 
medium t o f i n e or f i n e g r a i n e d w e l l s o r t e d m a t e r i a l ( F i g . 38), i n t o which 
t h e c o a r s e r g r a i n e d l i t h o l o g y grades. As i n the case o f the major channel 
t h e v e r y t o p o f the s u b s i d i a r y channels may be f i l l e d w i t h m a t e r i a l o f 
s i l t and c l a y grade. 
The b u l k o f t h e m a t e r i a l c o m p r i s i n g t h e v a r i o u s sandstones conforms 
t o t h e g r a i n s i z e l i m i t s s p e c i f i e d above, b u t t h e r e are n o t a b l e e x c e p t i o n s 
t o t h i s g e n e r a l r u l e . I n p a r t i c u l a r , the heavy .minerals are almost i n v a r -
i a b l y o f a common g r a i n s i z e i n what ever type o f sandstone they occur, the 
g r a i n s g e n e r a l l y b e i n g no l a r g e r t h a t f i n e g r a i n e d ( F i g . ^ ) w i t h o n l y r a r e 
o c c u r r e n c e s o f medium g r a i n e d m a t e r i a l even i n the c o a r s e s t l i t h o l o g i e s . 
H i c k s (1958) has b r o u g h t t o l i g h t one e x c e p t i o n t o t h i s r i a e , however, i n 
d i s c o v e r i n g c o r r o d e d g a r n e t s , w hich were o r i g i n a l l y up t o 1.^ mm. l o n g , 
i n t h e v e r y coarse g r a i n e d pebbly washout-channel sandstone o f the Baugh 
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F i g . 36. Reasonably w e l l sorted medium to coarse grained sandstone 
w i t h obvious secondary overgrowths; High Coal S i l l subsidiary 
washout-channel sandstone base, Eogerley Quarry, near F r o s t e r l e y , 
Crossed n i c o l s , x 2?, 
F i g . 37. Very coarse grained p o l y c r y s t a l l i n e quartz grain i n otherwise 
reasonably w e l l sorted medium to coarse grained sandstone; same 
l o c a l i t y as F i g . 36. Crossed n i c o l s , x 27. 
F e l l region on the Askrigg Block. Obviously the f a c t t h a t the heavies 
are generally of smaller g r a i n size than the rock i n which they occur 
could be p a r t l y a t t r i b u t a b l e to t h e i r high s p e c i f i c g r a v i t y , the trans-
p o r t i n g agent being able to carry l a r g e r grains of the other sandstone 
components f u r t h e r because of t h e i r lower s p e c i f i c g r a v i t i e s . However, 
t h i s does not explain the approximate common grain size of the heavies 
i n sandstones of varying coarseness; i t would, therefore, appear reason-
able to assume that the heavy minerals a v a i l a b l e i n the source m a t e r i a l 
of the sandstones were o r i g i n a l l y of small grain size i n genersil. I n 
a d d i t i o n to the above i t has also been found that i n the f i n e r grained 
l i t h o l o g i e s the heavy minerals are often concentrated i n t o streaks which 
are also r i c h i n mica and carbon, such a feature being i n d i c a t i v e of 
extensive s o r t i n g by winnowing a c t i o n . I n d i r e c t contrast to the heavies, 
the micas generally tend to occur i n flakes w i t h lengths somev/hat l a r g e r 
than the average g r a i n size of the sediments of which they form a compon-
ent, except the coarsest l i t h o l o g i e s . This feature i s presiomably a t t r i -
butable t o the property of the mipas of s p l i t t i n g i n t o t h i n f l akes longer 
than other component grains of the sandstones of s i m i l a r v/eight since t h i s 
would enable the f l a k e s to be transported f u r t h e r than the other components 
of s i m i l a r g r a i n s i z e . 
Grain Shape and Cementation 
These two features are taken together because i t i s obvious t h a t the 
o r i g i n a l shape of the quartz grains, as f a r as the degree of roundness i s 
concerned, has o f t e n , i f not i n v a r i a b l y , been markedly modified by cemen-
t a t i o n processes, the a n g u l a r i t y of the grains being s i g n i f i c a n t l y increa-
sed when compared w i t h t h e i r o r i g i n a l shape. I n t h i s context the most 
important cementing agent i s s i l i c a , there being numerous examples of 
o r i g i n a l sub-rounded or rounded quartz grains o u t l i n e d by a t h i n l ayer 
of dust w i t h p a r t i a l secondary overgrowths of s i l i c a i n o p t i c a l c o n t i n -
u i t y around the parent grains, the overgrowths i n t e r l o c k i n g w i t h adjacent 
grains to form a mosaic w i t h an e s s e n t i a l l y sub-angular grain shape (Figs. 
32, 34, 36 and 38). I n t e r p e n e t r a t i o n of adjacent grains by s o l u t i o n of 
s i l i c a at the o r i g i n a l quartz g r a i n contacts has also obviously taken place 
f r e q u e n t l y , presumably complementary to the above, thus providing at l e a s t 
some, i f not a l l of the s i l i c a f o r the secondary overgrowths; t h i s also 
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serves to reduce the roundness of the i n d i v i d u a l grains w i t h a consequent 
increase i n a n g u l a r i t y . I t must be admitted t h a t by no means a l l the 
grains e x h i b i t an o r i g i n a l sub-rounded or rounded centre w i t h a secondary 
overgrowth of s i l i c a and, i n f a c t , a large proportion of the grains i n 
any one sandstone occur w i t h a predominant sub-angular shape i n an i n t e r -
l o c k i n g mosaic w i t h no evidence of secondary overgrowth. However, the 
very nature of the i n t e r l o c k i n g sutured mosaic demands m o d i f i c a t i o n of 
the o r i g i n a l g r a i n shape as an explanation of i t s formation since the 
grains could not be so i n t i m a t e l y r e l a t e d otherwise; therefore, the above 
process of i n t e r p e n e t r a t i o n and probably secondary overgrowth was probably 
operative even though s p e c i f i c evidence f o r secondary overgrowth i s often 
l a c k i n g . This does not necessarily mean that the o r i g i n a l grains were sub-
rounded or rounded as i n the case of those whose o r i g i n a l shape i s at l e a s t 
p a r t i a l l y preserved by the secondary overgrowths. However, i t i s most s i g -
n i f i c a n t t h a t only rare o r i g i n a l sub-angular to sub-rounded grains are found 
w i t h secondary overgrowths of s i l i c a , the m a j o r i t y of grain centres \vith 
overgrowths being sub-rounded or rounded. Therefore, i n the absence of 
other evidence i t must be construed t h a t those grains w i t h t h e i r o r i g i n a l 
shape preserved represent the o v e r a l l o r i g i n a l character of the sediment 
deposited. The present a n g u l a r i t y of the grains i s also emphasized i n 
places due t o the quartz being attacked eind p a r t l y replaced where i t i s i n 
contact w i t h clay minereil; t h i s i s a s i g n i f i c a n t p oint which must be taken 
i n t o consideration i n i n t e r p r e t i n g the shaly sandstones (generally f i n e 
grained) which tend to e x h i b i t more angular grains than the less shaly sand-
stones where obvious m o d i f i c a t i o n of the quartz grains has been able to take 
place. I n a d d i t i o n , d i s t i n c t corrosion of the quartz grains appears to have 
occurred where they are associated w i t h c a l c i t e , and the resultamt grains 
are o f t e n markedly angular, although the roundness of some grains appears 
to have been improved i n the process also ( F i g , 39)• 
Thus, as f a r as the g r a i n shape i s concerned the m a j o r i t y of the sand-
stones now have angular, sub-angular, sub-angular to sub-rounded or occas-
i o n a l l y rounded quartz grains (the l a t t e r generally i n the case of the 
coarser l i t h o l o g i e s ) , a l l of which are bound together i n t o a more or less 
continuous i n t e r l o c k i n g sutured mosaic depending upon the amount of other 
o r i g i n a l i n t e r s t i t i a l cement present; the most common shape i s sub-angular. 
However, the evidence c i t e d above i n d i c a t e s that when deposited the quartz 
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F i g . 38. Well sorted medium to f i n e grained sandstone w i t h fresh 
plagioclase and secondary overgrowths; 6 feet above sub-
s i d i a r y washout-chamnel sandstone base, Rogerley Quarry, 
near F r o s t e r l e y , Crossed n i c o l s , x 27. 
F i g . 39. Poorly sorted very f i n e to medium grained calcareous sand-
stone w i t h quartz grains corroded by carbonate; Upper White 
Hazle top, L i n z g a r t h Cleugh, near Rookhope. Crossed n i c o l s , x 27. 
grains were predominantly sub-rounded and rounded, although i n the f i n e r 
g r a i n sizes there does appear to have been some sub-angular material i n 
the o r i g i n a l deposit, but there i s no evidence to suggest that such mat-
e r i a l was predominant. I n p a r t i c u l a r , the l a r g e r grains were i n v a r i a b l y 
w e l l rounded, a feature which has tended to p e r s i s t even where the grains 
have been involved i n the cementation process. I t i s probably s i g n i f i c a n t 
to note t h a t there i s no marked d i f f e r e n c e apparent i n the roundness of 
any of the m a t e r i a l which i s considered to e x h i b i t i t s o r i g i n a l shape i n 
both the washout-channel sandstones and the sheet sandstones. This could 
be taken to i n d i c a t e t h a t the source m a t e r i a l of the sandstones had a 
reasonable degree of roundness such as that which could be present i n pre-
e x i s t i n g sediments. I f the source m a t e r i a l had not been of such a kind as 
the l a t t e r i t could be reasonably expected th a t the d i f f e r e n t types of 
sandstones w i t h i n the Great Cyclothem would e x h i b i t some difference i n 
t h e i r degrees of roxindness because of t h e i r d i f f e r i n g environments of dep-
o s i t i o n . 
I n a d d i t i o n to t h e i r roundness a large proportion of the quartz grains 
comprising the sandstones have a high s p h e r i c i t y , but there i s a small 
p r o p o r t i o n which have a low s p h e r i c i t y , that i s to say, they are elongate. 
Such elongate grains generally occur w i t h a s u b - p a r a l l e l o r i e n t a t i o n i n 
r e l a t i o n to each other, the micas and the bedding of the sandstones, p a r t -
i c u l a r l y i n the sheet sandstones, as mentioned below. 
The subsidiary granular d e t r i t a l components of the sandstones i n gen-
e r a l appear to e x h i b i t a s i m i l a r o r i g i n a l grain shape to the quartz, aind, 
i n p a r t i c u l a r , the heavy minerals are predominantly w e l l rounded, though 
not i n v a r i a b l y ( F i g . A-0). The feldspars also generally show a good degree 
of rounding and, since i n a number of cases the grains have been unaffected 
by a u t h i g e n i s i s and weathering, they, along w i t h the heavies, present 
f u r t h e r evidence of the b e t t e r rounding of the o r i g i n a l sediment than i s 
generally apparent from the indurated sandstones. However, the micas i n -
v a r i a b l y occur i n elongate l a t h s or plates v;hich i n most cases are o r i e n -
t a t e d p a r a l l e l or s u b - p a r a l l e l to each other and the bedding, i n common 
w i t h the occasional elongate quartz grains. This p a r a l l e l alignment of 
the micas i s p a r t i c u l a r l y common and w e l l developed i n the sheet sandstones 
and i t i s best seen along the bedding planes where micas tend to be concen-
t r a t e d . Where the sheet sandstones contain plant r o o t l e t s i n s i t u , how-
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4 .V 
i 
F i g . 40. Typical heavy mineral separation mainly of r u t i l e and zircon; 
Great Sandstone, Brunton Bank Quarry, near Fallowfield. 
Ordinary l i g h t , x kO, 
ever, no p r e f e r r e d o r i e n t a t i o n e x i s t s , the micas having a hap-hazard 
r e l a t i o n s h i p t o each other ov;ing to the disturbance a f t e r deposition 
caused by the groiifth of the p l a n t s i . The micas i n the lower parts of the 
washout-channel sandstones do not e x h i b i t very marked preferred o r i e n -
t a t i o n but i t i s not completely l a c k i n g ; higher i n the channel sandstones, 
as i n the contemperaneous "channel" sandstone, the micas show a d e f i n i t e 
tendency t o s u b - p a r a l l e l o r i e n t a t i o n which i s w e l l developed along the 
bedding planes. 
As pointed out above, the main cementation process a f f e c t i n g the 
m a j o r i t y of the sandstones has involved the i n t e r p e n e t r a t i o n of adjacent 
quartz grains by s o l u t i o n of the s i l i c a at t h e i r contacts and the comple-
mentary deposition of s i l i c a i n the o r i g i n a l i n t e r s t i c e s between the grains, 
The secondary s i l i c a has generally grown around the o r i g i n a l grciins i n 
o p t i c a l c o n t i n u i t y , the o r i g i n a l boundaries of the parent grains being 
o u t l i n e d by a l a y e r of dust i n many cases; also, i t can occasionally be 
seen t h a t i n the overgrowth process e f f o r t s have been made to develop cry-
s t a l faces. Very few grains have been observed w i t h overgrowths completely 
around them, most grains being p a r t l y i n t e r p e n e t r a n t . I n a d d i t i o n to the 
s i l i c a of the secondary overgrowths there are occasional i n t e r s t i t i a l 
patches of m i c r o c r y s t a l l i n e and c r y p t o c r y s t c i l l i n e s i l i c a which were probab-
l y derived by some of the r e d i s t r i b u t e d s i l i c a being deposited i n pore 
spaces without growing i n o p t i c a l c o n t i n u i t y w i t h adjacent grains or i t -
s e l f . 
As mentioned previously also, by no means a l l of the grains w i t h i n the 
sandstones have obvious secondary overgrowths, but the process of interpene-
t r a t i o n and probably secondary overgrowth must have taken place, even where 
i t i s not obvious, i n order to produce the closely welded character which 
i s a prominent feature of the m a j o r i t y of the sandstones. Thus, the above 
cementation process has given r i s e to a more or less continuous i n t e r -
l o c k i n g mosaic of e s s e n t i a l l y sub-angular grains (Figs. 32, 36 and 38). 
I t i s envisaged that the process of s o l u t i o n of s i l i c a at grain contacts 
and the deposition i n i n t e r s t i c e s between the grains was promoted by the 
load of super-incumbent s t r a t a once the deposits were buried, the s i l i c a 
being r e d i s t r i b u t e d w i t h the a i d of connate water. A co n t r i b u t o r y f a c t o r 
i n the r e d i s t r i b u t i o n may be the s o l i d ( p l a s t i c ) flow of quartz grains at 
pressure p o i n t s , a process claimed by Taylor (1950) to have been operative 
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i n some sandstones; such a process has been shown to occur experimentally 
but the extent of i t s e f f e c t i n the sandstones would be d i f f i c u l t to define. 
No e x t e r n a l source of s i l i c a f o r the secondary overgrowths seems necessary 
because the amount required would be provided i n the complementary part of 
the process, th a t i s , the s o l u t i o n of s i l i c a at the grain contacts. I t 
might be pointed out t h a t Greensmith (1957) did not consider t h i s to be the 
case as f a r as the M i l l s t o n e Grit•and Coal Measure sandstones which he 
worked on were concerned since he postulated the separate p r e c i p i t a t i o n of 
a s i l i c a (or c a l c i t e ) cement at or soon a f t e r the time of deposition of 
the sandstones. Such a process appears in c o n s i s t e n t w i t h the present obser-
vat i o n s since the sandstones of the Great Cyclothem e x h i b i t compaction 
features (a larg e number of contacts per grain i n the o v e r a l l sutured mos-
aic and buckled micas) which would not be present i f cementation by the 
p r e c i p i t a t i o n of s i l i c a had taken place at or soon a f t e r deposition. I t 
might be s p e c i f i c a l l y mentioned here that of necessity the r e d i s t r i b u t i o n 
of the s i l i c a must involve some compaction w i t h a consequent -decrease i n 
the o r i g i n a l thickness of the sandstone deposited. 
As noted previously, the above cementation process has apparently 
markedly a f f e c t e d the grain shape of the sandstones. On the other hand, 
there i s no evidence to suggest t h a t i t has s i g n i f i c a n t l y a l t e r e d the grain 
size and s o r t i n g of the sandstones even though i t has been kept i n mind 
tha t Goldstein (19^9), working on the Dakota sandstones of the Colorado 
Front Range, claimed t h a t the f i n e r constituents of the sands had been 
completely dissolved and redeposited as cement. 
I t has.already been stated t h a t the r e d i s t r i b u t i o n of s i l i c a acted as 
the main cementing process i n the sandstones and generally i t has r e s u l t e d 
i n a w e l l l i t h i f i e d rock. There i s some v a r i a t i o n i n the extent of such 
cementation, however, which would appear to have been c o n t r o l l e d l a r g e l y 
by the amount of i n t e r s t i t i a l m a t e r i a l o r i g i n a l l y present i n the sediment, 
the r e d i s t r i b u t i o n of s i l i c a having been i n h i b i t e d by such m a t e r i a l . The 
i n t e r s t i t i a l m a t e r i a l generally consists of clay minerals but carbonate i s 
sometimes present, and both ma t e r i a l s must be regarded as cementing agents 
i n themselves. Where no such m a t e r i a l , or very l i t t l e was present, the 
sandstones have often been rendered s i l i c e o u s and hi g h l y compact by s i l i c a 
cementation; such rocks are not very common, however, but v/here they do 
occur they may contain the remains of plant r o o t l e t s , i n which case they 
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are Icnown as ganisters or p e n c i l ganisters i f the pl a n t r o o t l e t s are very 
abundant; i t might be added that the name ganister has also been given to 
some s i l i c e o u s sandstones which contain ho plant r o o t l e t s . I n most of the 
sandstones there i s at l e a s t a small percentage of i n t e r s t i t i a l d e t r i t a l 
c lay mineral present, although some of the clay mineral i s obviously sec-
ondary and derived by the degradation of the micas and feldspars. Such 
m a t e r i a l acts as a cement by packing the pore spaces between the quartz 
g r a i n s . However, because of i t s character the clay mineral does not act 
as a very strong cement and, consequently, the more shaly sandstones, w i t h 
cl a y mineral o f t e n completely surrounding many of the quartz grains, tend 
to be r a t h e r s o f t and not p a r t i c u l a r l y w e l l l i t h i f i e d . Furthermore, the 
nature of the clay mineral cement allows i t to be removed e a s i l y by weath-
e r i n g agents, thus r e s u l t i n g i n an increased p o r o s i t y of the sandstones i n 
surface exposures; such a p o r o s i t y would probably not have been present 
i f the pore spaces had been open w h i l s t the r e d i s t r i b u t i o n of s i l i c a was 
going on. Where a carbonate cement i s present i t i s generally c a l c i t e , 
although occasionally i t i s s i d e r i t e . Occurrences of carbonate i n surface 
exposures of sandstones are not very common, however, but when i t i s pres-
ent the carbonate u s u a l l y forms a f a i r p roportion of the rock and c o n s t i -
t u t e s q u i t e a tough cement. The r a r i t y of sandstones at surface contedning 
small amounts of carbonate cement would appear to be due to weathering 
processes having leached out the m a t e r i a l which was o r i g i n a l l y present, 
because i n a f a i r p r o p o r t i o n of sandstone samples from underground (from 
mine exposures and borehole cores) a small percentage of i n t e r s t i t i a l 
c a l c i t e has o f t e n been detected. Thus, i n surface exposures the p o r o s i t y 
of the sandstones i s probably p a r t l y accounted f o r by removal of carbon-
ate from the rock since, as i n the case of removal of clay minerals, the 
po r o s i t y would not be as high i f the r e d i s t r i b u t i o n of s i l i c a had not been 
i n h i b i t e d by the o r i g i n a l i n t e r s t i c e s betv/een the grains being f i l l e d v/ith 
carbonate. Where i t has been completely removed from surface exposures of 
the sandstones i t i s impossible t o determine the o r i g i n a l presence of 
c a l c i t e . Furthermore, where i t i s present i t i s by no means c e r t a i n that 
the c a l c i t e i s an o r i g i n a l c o nstituent of the sandstone because i t could 
have been so e a s i l y introduced by carbonate-rich ground waters or during 
a u t h i g e n i s i s . Thus, unless i t i s associated w i t h f o s s i l s , c a l c i t e i s not 
a r e l i a b l e i n d i c a t o r t h a t the sandstone was formed under marine or near 
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marine c o n d i t i o n s . 
MINERALOGICll COMPOSITION 
I n t r o d u c t i o n 
The mineralogy of the veirious ssindstones i s b a s i c a l l y s i m i l a r as 
f a r as the mineral species present are concerned, apart from the l o c a l 
r e l a t i v e abundsince of potash feldspar whose d i s t r i b u t i o n appears to be res-
t r i c t e d to the base of the major washout-channel sandstone. The main 
v a r i a t i o n r e a l l y only involves the d i f f e r i n g proportions of quartz, clay 
minerals and sometimes micas, so t h a t a l l the sandstones may be considered 
together as f a r as t h e i r minerailogy i s concerned. The f o l l o w i n g c o n s t i t u -
ents have been i d e n t i f i e d i n the sandstones, quartz being by f a r the most 
common i n the main body of the sandstones:- quartz, chert, feldspeurs, micas, 
clay minerals, carbonates, heavy minerals, carbon, rock fragments, p y r i t e 
and l i m o n i t e . These aire considered s p e c i f i c a l l y and i n more d e t a i l below. 
Detailed Mineralogy 
Quartz.- I n most of the sauidstones at l e a s t 90 per cent and often 
over 95 per cent i s composed of various v a r i e t i e s of quartz grains. How-
ever, the p r o p o r t i o n can be much lower than t h i s , p s i r t i c u l a r l y where the 
sandstones are shaly, i n which case the proportion of clay mineral and 
sometimes micas r i s e s at the expense of the quartz; the s i t u a t i o n s where 
the sandstones become shaly have already been s p e c i f i e d . The presence of 
carbonate also involves a considerable reduction i n the proportion of 
quartz occasionally. Three d e t r i t e i l v a r i e t i e s of quartz have been recog-
nized, as f o l l o w s : -
( i ) Monocrystalline grains w i t h no profound undulose (st r a i n e d 
shadow) e x t i n c t i o n . These features are i n d i c a t i v e of o r i g i n a l 
d e r i v a t i o n from an igneous source, but such grains are c e r t a i n l y 
not dominant i n the sandstones. 
( i i ) Monocrystalline grains w i t h marked undulose e x t i n c t i o n 
t o a greater or lesser extent, sometimes showing a tendency 
towards the development of p o l y c r y s t a l l i n i t y (mosaic s t r a i n i n g ) 
i n the extreme cases. Undulose e x t i n c t i o n of t h i s type i s 
generally accepted as i n d i c a t i n g a metaraorphic d e r i v a t i o n , but 
i t i s possible t h a t some undulose e x t i n c t i o n i s generated 
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during cementation a f t e r the grains have been deposited due 
to pressures developed i n the sediment. I t would also appear 
t h a t some st r a i n e d quartz can occur i n igneous rocks, p a r t i c -
u l a r l y the p l u t o n i c ones. Thus, the presence of marked s t r a i n 
shadows i s not an absolutely d e f i n i t i v e c r i t e r i o n i n d i c a t i n g 
a metamorphic d e r i v a t i o n , although i t i s a useful means of 
c l a s s i f i c a t i o n . Grains of t h i s type are by f a r the most 
common i n the sandstones. 
( i i i ) P o l y c r y s t a l l i n e grains w i t h sutured boundaries between 
the i n d i v i d u a l anhedral c r y s t a l s making up the grains (Figs. 3h 
and 37). This type of gr a i n i s never very common, but even so 
i t can almost be described as a ubiquitous component of the 
sandstones. Such grains are generally of a reasonably large 
size and thus more common i n the coarser sandstones. However, 
much of the f i n e r monocrystalline m a t e r i a l could have been 
derived by the break-up of such graiins. The milky coloured 
granule and pebble grade; m a t e r i a l i n the sandstones, generally 
r e f e r r e d to as vein quartz, as w e l l as some less coarse m a t e r i a l 
has t h i s p o l y c r y s t a l l i n e character which i s regarded as that 
of metamorphic q u a r t z i t e . 
I n a d d i t i o n to the above d e t r i t a l v a r i e t i e s of quartz there i s often 
a v a r y i n g but usually small amount of i n t e r s t i t i a l m i c r o c r y s t a l l i n e or 
c r y p t o c r y s t a l l i n e quartz. Such m a t e r i a l i s considered to have been 
derived during the quartz r e d i s t r i b u t i o n process, as mentioned e a r l i e r . 
Apart from the dust o u t l i n i n g the o r i g i n a l grains where they are 
surrounded by secondary overgrowths, numerous small i n c l u s i o n s w i t h i n the 
quartz grains have been noted, but they have never been observed i n abun-
dance i n any one t h i n section of sandstone. They consist of recognizable 
muscovitej b i o t i t e , a p a t i t e , z i r c o n , tourmaline, r u t i l e and indeterminate 
a c i c u l a r c r y s t a l s which are also probably r u t i l e ; occasional f l u i d . i n c l u-
sions have also been observed but only r a r e l y do they contain gas bubbles. 
I t might be noted t h a t the observed predominance of regular i n c l u s i o n s as 
opposed to i r r e g u l a r ones does not agree w i t h the f i n d i n g s of B u t t e r f i e l d 
( 1 9 ^ ) v;ho i n v e s t i g a t e d selected Yoredale sandstones c o l l e c t e d from 
between the Great Scar Limestone and the Undersett Limestone of the Ask-
r i g g Block. I n t e r p r e t e d i n the l i g h t of Mackie's (l897) f i n d i n g s the 
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observed i n c l u s i o n s i n d i c a t e t h a t the quartz was o r i g i n a l l y derived pre-
dominantly from metamorphic rocks w i t h a subsidiary amount from igneous 
rocks, thus confirming the conclusions derived from the v a r i e t i e s of quartz 
present i n the sandstones. 
Chert.- Rare rounded d e t r i t a l grains of chert are present i n the sand-
stones, only the odd g r a i n having been detected i n any one t h i n section. 
Feldspars.- Some v a r i a t i o n i n the feldspar content of the sandstones 
i s i n evidence since the sheet sandstones, the contemporaneous "chsmnel" 
sandstone, the subsidiary washout-channel sandstones and the upper part of 
the major washout-channel sandstone generally contain less than 1 per cent,, 
whereas the coarse grained base of the major washout-channel sandstone has 
been found to contain up to 3.5 per cent and the presence of c r y s t a l l i n e 
k a o l i n i t e , sometimes w i t h remnants of feldspar i n i t , i n d i c a t e s that there 
was more than t h i s present o r i g i n a l l y (Hicks, 1958). The higher proportion 
of feldspar i n the coarser grained sandstones was also noted i n those rocks 
studied by G i l l i g a n (1920) and B u t t e r f i e l d (19^0). The v a r i e t i e s of f e l d -
spar present and t h e i r d i s t r i b u t i o n i n the sandstones i s dealt w i t h below:-
(i.) Plagioclase i n f r e s h rounded grains w i t h d i s t i n c t a l b i t e 
t winning ( F i g . 38), s u i t a b l y o r i e n t a t e d grains always having 
e x t i n c t i o n angles of less than 20 degrees i n d i c a t i n g a soda-
r i c h composition i n the a l b i t e - o l i g o c l a s e range. This type 
of feldspar almost i n v a r i a b l y occurs i n extremely fresh grains 
w i t h v i r t u a l l y no a l t e r a t i o n , the freshness presumably being 
due to the known s t a b i l i t y of the a l b i t e - r i c h feldspars under 
widely varying con d i t i o n s . A l l of the sandstones have been 
found to contain t h i s v a r i e t y of feldspar. 
( i i ) Plagioclase i n untwihned grains which almost i n v a r i -
ably e x h i b i t a l t e r a t i o n to a greater or lesser extent, the 
a l t e r a t i o n product generally being i l l i t i c i n character, although 
some k a o l i n i t e may be present occasionally. This type of f e l d -
spar has been i d e n t i f i e d as plagioclase rather than potash 
feldspar p r i n c i p a l l y by c a r r y i n g out the s t a i n i n g technique 
mentioned e a r l i e r and o b t a i n i n g negative r e s u l t s ; i n a d d i t i o n , 
i n the few cases where i t has proved possible to obtain i n t e r -
ference f i g u r e s they have proved to be b i a x i a l p o s i t i v e . The 
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composition w i t h i n the plagioclase range has not been deter-
mined s p e c i f i c a l l y but i t i s probably more a n o r t h i t i c than 
the unaltered twinned type of feldspar, the more calcium-rich 
plagioclases tending t o decompose rather more e a s i l y than the 
soda-rich ones. This v a r i e t y of feldspar has also been found 
to occur i n a l l the sandstones, 
( i i i ) M i c rocline and mic r o c l i n e - m i c r o p e r t h i t e grains which 
u s u a l l y e x h i b i t t y p i c a l cross-hatched twinning ( F i g . 35) and 
a v a r i a b l e degree of a l t e r a t i o n . Some grains are remarkably 
f r e s h w i t h only a small amount of a l t e r a t i o n to i l l i t i c m a t e r i a l 
ciround the edges and along cracks, whereas other grains are 
almost completely or completely a l t e r e d to clay mineral which 
can be i l l i t i c but i s o f t e n mainly k a o l i n i t e ; the ultimate i n 
the l a t t e r case has been noted by Hicks (1958) i n the sandstone 
from the base of the major washout-channel i n the Baugh F e l l 
region which i n places contains about 12 per cent k a o l i n i t e 
w i t h l i t t l e or no feldspar remaining unaltered. The a l t e r -
a t i o n of the feldspar t o k a o l i n i t e i s almost c e r t a i n l y at l e a s t 
p a r t l y due to r e l a t i v e l y recent weathering, the reasonably 
unaltered grains occurring v/here they are protected by being 
surrounded w i t h an intergrown mosaic of quartz ( F i g . 35). 
This type of feldspar has only been found i n the sandstone 
f i l l i n g the lower p a r t of the major washout-channel, where i t 
occurs i n r e l a t i v e l y l a r g e grains. I t s r e s t r i c t i o n to the 
major washout-channel sandstone probably r e f l e c t s the more 
r a p i d deposition which took place i n the channel, the potash 
feldspar presumably s u r v i v i n g there because i t was not sub-
je c t e d t o the same degree of winnowing and hence destructive 
a c t i o n which was involved i n the formation of the other sand-
stones; i t s l a r g e r g r a i n size as a component of the m a t e r i a l 
at the base of the.major washout-channel probably contributed 
to i t s s u r v i v a l also. 
The s i g n i f i c a n c e of the feldspars l i e s p r i n c i p a l l y i n the occurrence 
of m i c r o c l i n e and mi c r o c l i n e - m i c r o p e r t h i t e adding to the evidence t h a t the 
o r i g i n a l source of the sandstones consisted of g r a n i t i c rocks to some . 
extent. Much of the a l t e r a t i o n of the feldspars to clay minerals i s post-
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d e p o s i t i o n a l since the i n t i m a t e r e l a t i o n s h i p of the clay minerals w i t h 
the remnants of the parent grains would not have survived otherwise; i n 
t h i s context, the d e l i c a t e v e r r a i c u l i t i c books of k a o l i n i t e , which are 
presumably derived from f e l d s p a r , could not have survived the rigours of 
t r a n s p o r t . I n f a c t , a l t e r a t i o n of the feldspars i s almost c e r t a i n l y 
being e f f e c t e d by the weathering agents at the present time. 
Micas.- I n the main body of the sandstones the micas generally 
comprise no more than 2 per cent of the rock and o f t e n considerably less. 
However, there are concentrations of mica along bedding planes where the 
p r o p o r t i o n r i s e s considerably; also, l o c a l l y and i n the lower parts of the 
sandstones where they are sheily, micas are much more common and may com-
pr i s e a t l e a s t 10 per cent and o f t e n more of the rock. Both muscovite and 
b i o t i t e are present i n the sandstones, the m a t e r i a l i d e n t i f i e d as muscov-
i t e generally being markedly predominant; the two micas are dealt v/ith sep-
a r a t e l y below:-
( i ) Muscovite i s generailly by f a r the commonest of the micas 
and i n some cases i t appears to be the only mica present i n the 
sandstones. However, i t i s possible that some of the m a t e r i a l 
i d e n t i f i e d as muscovite i s a c t u a l l y completely or very nearly 
completely bleached b i o t i t e ; there i s no c r i t i c a l evidence to 
f u l l y s ubstantiate such a hypothesis except the s l i g h t pleo-
chroism of some of the almost colourless l a t h s , and,consequent-
l y , i t i s impossible to s a t i s f a c t o r i l y d i f f e r e n t i a t e such 
m a t e r i a l from muscovite. Previously, Lewis and Rees (1926) 
also suggested th a t some of the mica which appeared as mus-
cov i t e i n sandstones from the Coal Measures had such an o r i g i n . 
The muscovite occurs i n v i r t u a l l y colourless elongate plates 
and l a t h s , the p l a t e s and l a t h s very f r e q u e n t l y having frayed 
edges where the muscovite i s degraded to s e r i c i t i c or i l l i t i c 
m a t e r i a l ; the s e r i c i t i c m a t e r i a l consists of an aggregate of 
minute micaceous f l a k e s w h i l s t the i l l i t i c m a t e r i a l i s s i m i l a r 
but considerably f i n e r grained. Many examples of buckled 
rauscovite f l a k e s occur where they have been af f e c t e d by com-
paction; on the other hand i n places i t can be observed that 
the mica plates have arrested the authigenic growth of quartz. 
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( i i ) B i o t i t e and i t s d e r i v a t i v e s are generally much less 
common o v e r a l l than muscovite, but i n the shaly p a r t s of the 
sandstones the p o s i t i o n may be reversed. The b i o t i t e occurs 
i n p l a t e s and l a t h s which tend to be somewhat smaller and 
l e s s elongate than those of muscovite. Only very rare l a t h s 
of r e l a t i v e l y unaltered, brown, markedly pleochroic b i o t i t e 
occur, but i t i s possible, as stated above, that an i n d e t e r -
minate amount of the mica i d e n t i f i e d as muscovite may be 
bleached b i o t i t e . Laths of m a t e r i a l w i t h a micaceous ha b i t , 
pale brown t o colourless pleochroism and obvious expanded 
cleavage bear close a f f i n i t y to b i o t i t e and have been i d e n t i -
f i e d as h y d r o b i o t i t e ; they are reasonably common. Another 
a l t e r a t i o n product of b i o t i t e r e t a i n i n g the micaceous habit 
consists of colourless c h l o r i t e i n t i m a t e l y associated w i t h a 
v a r i a b l e amount of f i n e l y disseminated opaque m a t e r i a l which 
has a high r e f l e c t a n c e and i s presumably an i r o n mineral throvm 
out of an i r o n - r i c h b i o t i t e during the a l t e r a t i o n to c h l o r i t e ; 
such f l a k e s are not common but they are present i n many of the 
sandstones. The occasional flakes of apple-green pleochroic 
c h l o r i t e present i n the sandstones are also probably derived 
from b i o t i t e since i n one case a single f l a k e has been obser-
ved composed of i n t e r d i g i t a t i n g green c h l o r i t e and brov/n b i o t i t e 
vid-th the ©.Iteration t o c h l o r i t e t a k i n g place along the cleavage 
planes of the o r i g i n a l b i o t i t e f l a k e . The p a r t i a l or complete 
d e s t r u c t i o n of the b i o t i t e has r e s u l t e d i n the production of 
aggregates of very f i n e micaceous flakes generally r e f e r r e d to 
as i l l i t i c , but which probably contain some c h l o r i t i c m a t e r i a l 
also; i n f a c t , there are some aggregates of m a t e r i a l which are 
probably more c o r r e c t l y i d e n t i f i e d as predominantly c h l o r i t i c . 
Where complete d e s t r u c t i o n of the b i o t i t e flalces has taken 
place i t i s obviously impossible to determine whether the clay 
minerals have been derived from such a source or whether they 
were o r i g i n a l d e t r i t a l components of the sandstones deposited 
i n the i n t e r s t i c e s betv/een sand grains; therefore, as i n the 
case of muscovite, the only clay mineral which can be s a f e l y 
a t t r i b u t e d to d e r i v a t i o n from b i o t i t e i s that which i s assoc-
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i a t e d w i t h remnants of the parent mineral. 
The two types of mica and t h e i r d e r i v a t i v e s o f t e n tend to occur 
concentrated together i n bands w i t h the flakes i n a preferred o r i e n t a t i o n 
s u b - p a r a l l e l to the bedding. Scattered flakes which may or may not have 
a p r e f e r r e d o r i e n t a t i o n do occur as w e l l , however. I t might be mentioned 
t h a t much of the a l t e r a t i o n of the micas, p a r t i c u l a r l y the a l t e r a t i o n to 
clay minerals associated w i t h remnants of the parent f l a k e s , must have 
tciken place subsequent to deposition since the d e l i c a t e m a t e r i a l v;ould not 
have survived i n such a foim during t r a n s p o r t . I n f a c t , some of the a l t e r -
a t i o n has probably been brought about by weathering and i s probably going 
on a t the-present time; i n t h i s context i t might be mentioned th a t the' 
degraded b i o t i t e , p a r t i c u l a r l y the h y d r o b i o t i t e , tends to break down to 
l i m o n i t e under the e f f e c t of weathering. 
Clay Minerals.- The normal sandstones may contain up to 10 per cent 
of i n t e r s t i t i a l clay mineral but the proportion i s often considerably less 
than t h i s , and i n some instances a n e g l i g i b l e amount of clay mineral i s 
present, i n which case the sandstones are usually markedly s i l i c e o u s , as 
mentioned pre v i o u s l y . On the other hand, where the sandstones become shaly 
l o c a l l y and where they are grading up from the shales below them, they 
contain a considerably l a r g e r p r o p o r t i o n of clay mineral than 10 per cent 
i n accordance w i t h t h e i r degree of shaliness. 
A l l the clay mineral i n the normal sandstones i s i n t e r s t i t i a l occurr-
i n g i n pockets of va r i a b l e size and narrow bands betv/een the sand grains; 
however, there i s some evidence i n d i c a t i n g t h a t i l l i t i c m a t e r i a l has 
attacked and developed at the expense of some of the quartz grains, pa r t -
i c u l a r l y where " f l o a t i n g " grains of quartz are present i n the centre of a 
mass of i l l i t e ; t h i s feature i s p a r t i c u l a r l y evident i n the more shaly 
sandstones which contain abundant " f l o a t i n g " quartz grains. A f a i r prop-
o r t i o n of the clay mineral i s presumably d e t r i t a l , but i t has already been 
shown t h a t some i s secondary where i t has developed at the expense of f e l d -
spars and micas; however, i t i s impossible to d i f f e r e n t i a t e between the 
primary d e t r i t a l clay mineral and the secondary m a t e r i a l unless the l a t t e r 
i s associated w i t h i t s parent mineral or the k a o l i n i t e i s of the delic a t e 
c r y s t a l l i n e v a r i e t y which could not possibly have been transported. 
I n t h i n section the clay minerals are not p a r t i c u l a r l y easy to i d e n t i f y 
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but i t would appear that s e r i c i t i c and i l l i t i c m a t e r i a l , which occur as 
f i n e and very f i n e grained micaceous matted aggregates r e s p e c t i v e l y , are 
the predominant c l a y m i n e r a l s . However, some k a o l i n i t e may occur i n t e r -
c a l a t e d with the f l a k e s of i l l i t e ; t h i s i s not p a r t i c u l a r l y evident from 
t h i n s e c t i o n s but the presence of a 7 A l i n e on X-ray photographs of some 
c l a y m i n e r a l s confirms the presence of k a o l i n i t e . A l i t t l e k a o l i n i t e may 
occur d i s c r e t e l y i n f i n e m o s a i c - l i k e masses, but the most obvious occurr-
ence i s i n the coarse grained major washout-channel where i t i s the a l t e r -
a t i o n product of potash f e l d s p a r and i s i n the form of v e r m i c u l i t i c books; 
k a o l i n i t e i s r a r e l y common, however, except i n the l a t t e r s i t u a t i o n . Occ-
a s i o n a l very f i n e grained aggregates of c o l o u r l e s s to very pale green, 
s l i g h t l y p l e o c h r o i c m a t e r i a l , i d e n t i f i e d as c h l o r i t i c , may a l s o be present 
i n the sandstones too. 
Carbonates.- The semdstones by no means i n v a r i a b l y contain carbonate 
as one of t h e i r c o n s t i t u e n t s and, in, f a c t , there are only a few i n s t a n c e s 
where i t occurs i n small amount ( l e s s than 5 per cent) i n surface expos-
ures; however, there i s some evidence from unweathered samples obtained 
from boreholes and mine workings to i n d i c a t e that small amounts of carbon-
ate were probably present i n many more of the sandstones before they were 
subjected to surface weathering. Where i t i s present i n the sandstones, 
the carbonate i s u s u a l l y abundant, but such occurrences are generally i s o -
l a t e d , f o r example, the l a r g e f o s s i l i f e r o u s concretions r i c h i n carbonate 
(up to 65 per cent) i n the Low Coal S i l l of S a l l y Grain and S c r a i t h Burn, 
upper Weardale; i t might be added that the occurrences of carbonate are not 
a l l q u i t e as r e s t r i c t e d as the above, but, nevertheless, they are not very 
widespread u s u a l l y . However, the upper component of the V/hite Hazle i s 
frequently calcareous with the carbonate becoming more abundant upv'jards as 
i t grades i n t o the L i t t l e Limestone, F i g . 33 i l l u s t r a t i n g the sandstone 
where i t contains only a small amoiuit of carbonate w h i l s t F i g . 39 i l l u s -
t r a t e s a part much r i c h e r i n carbonate from a higher horizon; the f a c t that 
t h i s sandstone i s r e a l l y the b a s a l component of the o v e r l y i n g L i t t l e Cyc-
lothem has already been mentioned. Probably the most p e r s i s t e n t and f r e -
quent occurrence of carbonate i s i n the sandy marine bands, but even here 
the proportion of carbonate present i s very v a r i a b l e l a t e r a l l y and i t i s 
not i n v a r i a b l y present by any manner of means; the Snope Burn Band i s the 
most obvious example of t h i s type of occurrence. A l l the carbonate obser-
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ved occurs i n t e r s t i t i a l l y as a cement, no d e f i n i t e d e t r i t a l grains having 
been discovered. A p a r t i c u l a r feature of the sandstones where a c a l c i t e 
cement i s present i s the apparent corrosion of the quartz grains by the 
c a l c i t e ( F i g . 3 9 ) . 
Most of the carbonate found i n the sandstones c o n s i s t s b a s i c a l l y of 
c a l c i t e , although the brown i r o n - r i c h weathering s h e l l s on some of the c a l -
careous sandstones, such as those on the concretions i n S c r a i t h Burn and 
S a l l y Grain, i n d i c a t e that a c e r t a i n proportion of i r o n carbonate may be 
a s s o c i a t e d v/ith the c a l c i t e . Very o c c a s i o n a l l y the carbonate has been 
found to be b a s i c a l l y s i d e r i t e , such occurrences u s u a l l y being found i n the 
r a t h e r carbonaceous sheily b a s a l p a r t s of the sandstones. One abnormal occ-
urrence of s i d e r i t e discovered i s i n small nodules i n the upper part of 
the Low Coal S i l l of Snodberry Cleugh, upper Weardale, the sandstone being 
otherwise devoid of carbonate. The frequent l i m o n i t e - s t a i n e d character of 
the sandstones at surface could p o s s i b l y be p a r t l y a t t r i b u t e d to the former 
presence of small amounts of s i d e r i t e s i n c e , because of i t s s u s c e p t i b i l i t y 
to o x i d a t i o n , the mineral i s r e a d i l y a l t e r e d to l i m o n i t e at outcrop; hov;-
ever, i t could not be claimed that a l l the limonite was derived from such 
a source because there are other means by which i t could be introduced i n t o 
or formed i n the sandstones. Where there are f o s s i l s present i n the sand-
stones they often occur as c a s t s which frequently contain pov/dery aggregates 
of brov/n l i m o n i t e ; t h i s could be taken to i n d i c a t e that the f o s s i l s were 
preserved i n i r o n - r i c h carbonate immediately p r i o r to weathering. 
Because of t h e i r s u s c e p t i b i l i t y to a l t e r a t i o n and r e d i s t r i b u t i o n 
during d i a g e n i s i s and weathering the carbonates alone are generally not 
r e l i a b l e i n d i c a t o r s of the environment of deposition. However, v/here 
there are marine f o s s i l s a s s o c i a t e d with the carbonate the obvious conclu-
s i o n s derived are much more r e l i a b l e . 
Heavy Minerals.- Only a small q u a n t i t a t i v e portion of any of the 
sandstones i s comprised of heavy minerals, the average amount present gen-
e r a l l y being l e s s than 0.1 per cent and often considerably l e s s , contents 
as low as; 0 ,002 per cent by weight having been recorded. Abnormally there 
may be an appreciably higher proportion than t h i s present, such as the 
1.^ per cent recorded by Hicks (1958) from the major washout-channel sand-
stone of the Baugh F e l l region, but such occurrences appear to be very 
r a r e . I n f a c t , i n general the heavy minerals appear to be most abundant 
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i n the f i n e r grsiined sandstones, as a l s o noted by B u t t e r f i e l d (19^0) i n 
Yoredale sandstones from between the Great Scar Limestone and the Under-
s e t t Limestone of the Askrigg Block. Because of the low proportion of 
the sandstones they u s u a l l y comprise, the heavy minerals are only occas-
i o n a l l y seen i n t h i n s e c t i o n s ; n e v e r t h e l e s s , i n the f i n e r grained sand-
stones they sometimes tend to be concentrated into s t r e a k s which are 
g e n e r a l l y r i c h i n mica a l s o . Because of t h e i r s p a r s i t y the heavy minerals 
have to be concentrated, as described previously, i n order to study them 
s a t i s f a c t o r i l y . A t y p i c a l mount made from a heavy mineral separation i s 
i l l u s t r a t e d i n F i g . kO, 
The s p e c i e s of heavy minerals discovered i n the sandstones, i n t h e i r 
r e l a t i v e order of abundance, are as f o l l o w s : - z i r c o n ( c o l o u r l e s s , dusky 
and pink v a r i e t i e s ) , r u t i l e (brown, foxy-red and golden-yellow v a r i e t i e s ) , 
opaques (mainly leucoxene a f t e r i l m e n i t e with white surface r e f l e c t i o n , 
but sQ-so a l i t t l e magnetite with s t e e l - b l a c k r e f l e c t i o n ) , tourmaline 
( v a r i a t i o n s between oli v e - g r e e n , emerald-green, brown and golden v a r i e t -
i e s , a l l of which are markedly p l e o c h r o i c ) , a p a t i t e ( c o l o u r l e s s to very 
pale green), garnet ( c o l o u r l e s s and i s o t r o p i c ) , anatase (yellowish-green 
and t a b u l a r ) and brookite (yellow, tabular and s t r i a t e d ) ; the l a t t e r two 
only occur very r a r e l y , probably as an a l t e r a t i o n product of i l m e n i t e . 
Because of i t s known presence i n the Millstone G r i t from the work of G i l l -
igan ( 1 9 2 0 ) , monazite has been s p e c i f i c a l l y looked for but none was found; 
i n p a r t i c u l a r , with the object i n view of discovering t h i s minersil the 
heavy mineral s e p a r a t i o n s were tested for r a d i o - a c t i v i t y but with negative 
r e s u l t s . Z i r c o n i s by f a r the most abundant of the heavy minerals i n gen-
e r a l , the f o l l o w i n g proportions, based on a count of approximately 65O 
g r a i n s i n a heavy mineral separation from one of the sandstones, giving 
the general p i c t u r e : - z i r c o n 76 per cent, r u t i l e 11 per cent, opaques 9 
per cent, tourmaline 2 per cent, a p a t i t e 1 per cent, others 1 per cent. 
Although only r a r e l y seen elsewhere, gsirnet i s a r e l a t i v e l y prominent cons-
t i t u e n t forming 0 ,8 per cent of the major washout-channel sandstone of the 
Baugh F e l l region i n which, needless to say, i t dominates the o v e r a l l heavy 
mineral assemblage. I n t h i s p a r t i c u l a r sandstone the garnet occurs as 
p a r t l y replaced s k e l e t a l remains of o r i g i n a l grains which were up to 1 .^ 
mm, long. The other occurrences of garnet are as small s c a t t e r e d grains 
which comprise very much l e s s than 1 per cent of the heavy mineral assera-
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blage of the ssmdstone they occur i n . Opaque heavies are occasionedly 
prominent and may sometimes dominate the assemblage or at l e a s t be more 
abundant than r u t i l e . 
No marked v e r t i c a l or l a t e r a i l v a r i a t i o n i n v o l v i n g the incoming or 
outgoing of s p e c i e s i n the heavy mineral assemblage w i t h i n the Great Cyc-
lothem seindstones has been discovered, except the r e l a t i v e abundance of 
garnet i n the major washout-channel sandstone of the Baugh F e l l region, the 
mineral being r a r e elsewhere even i n the major washout-channel sandstone. 
A p o s s i b l e explanation of t h i s r e s t r i c t i o n of abundant gaurnet to one p a r t -
i c u l a r psirt of the major washout-channel sandstone has silready been postu-
l a t e d i n Chapter IV, As f a r as the normal heavy minerail s u i t e of the 
sandstones i s concerned there appeeirs to be some l a t e r a l euid v e r t i c a l var-
i a t i o n i n the i n t e r - s p e c i f i c r a t i o s of the s p e c i e s present; however, t h i s 
has not been f u l l y i n v e s t i g a t e d , but the v a r i a t i o n , r a t h e r than being a 
r e g i o n a l one, may be r e l a t e d i n some way to the g r a i n s i z e v a r i a t i o n of the 
sandstones. Even though there does appear to be such a vairiation, z i r c o n 
i s almost i n v s i r i a b l y the dominant component of the heavy mineral s u i t e by 
a very considerable meirgin. I t might be noted that the o v e r a l l heavy 
mineral assemblage of the Great Cyclothem i s s i m i l a r i n terms of the species 
present and t h e i r r e l a t i v e proportions to that for the majority of the rem-
ainder of the Upper Limestone Group according to Mr. C. G. Godwin (personeil 
communication); the heavy mineral assemblage of Yoredale sandstones ( c o l l -
ected from between the Great Scar Limestone and the Undersett Limestone of 
the Askrigg Block) i n v e s t i g a t e d by B u t t e r f i e l d HS'+O) i s also very s i m i l a r 
to that of the Great Cyclothem sandstones. These assemblages contrast 
markedly with that of the Millstone G r i t which i s r i c h i n garnet and also 
c ontains monazite ( G i l l i g a n , 1920) . 
From the above i t can be seen that b a s i c a l l y the heavy mineral assem-
blage of the Great Cyclothem sandstones c o n s i s t s of a small number of the 
most s t a b l e and ubiquitous minereuL s p e c i e s , the anatase and brookite being 
regsirded as a u t h i g e n i c . Such a s i t u a t i o n i s i n d i c a t i v e e i t h e r of d e r i -
v a t i o n from p r e - e x i s t i n g sediments with an already depleted heavy mineral 
assemblage, or d e r i v a t i o n from a primary c r y s t a l l i n e source with much 
abrasion and d e s t r u c t i o n of the l e s s s t a b l e mineral species before depos-
i t i o n ; i t might be added that there i s no obvious reason for suspecting 
i n t r a s t r a t a l s o l u t i o n as being a s i g n i f i c a n t contributor i n the depletion 
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• of the heavy mineral assemblage. The weight of the evidence from the 
^heavies^would appear to support d e r i v a t i o n mainly from p r e - e x i s t i n g s e d i -
ments, e s p e c i a l l y as a l a r g e proportion of the g r a i n s are rounded or w e l l 
rounded. However, there i s a s u b s i d i a r y admixture of v i r t u a l l y euhedral 
and a l s o singular g r a i n s (the l a t t e r could be p a r t l y derived due to break-
age during disaggregation of the sandstones, but the existence of some 
angular g r a i n s i n the rocks has been confirmed from t h i n s e c t i o n s ) which 
could i n d i c a t e that some of the sediment came from a primary c r y s t a l l i n e 
source; on the other hand, such grains could have been preserved i n pre-
e x i s t i n g sediments which were fur t h e r broken down, thus l i b e r a t i n g the l e s s 
maturely shaped heavies, during the Great Cyclothem sedimentation c y c l e . 
Even i f the sandstones were mainly derived from p r e - e x i s t i n g sediments, the 
predomineince of z i r c o n , although somewhat emphasized due to the mineral's 
r e s i s t a n c e to d e s t r u c t i o n , i n d i c a t e s a s u b s t a n t i a l o r i g i n a l contribution 
from an a c i d igneous source, thus enlgLrging on the conclusion based on the 
occurrence of potash f e l d s p a r . Broadly g e n e r a l i z i n g , the r u t i l e , a p a t i t e 
and leucoxene (derived from ilmenite probably) are also p r i m a r i l y i n d i c a t -
i v e of an o r i g i n a l igneous ( a c i d and b a s i c ) source, whereas the tourmaline 
and garnet are most l i k e l y to have been derived from metamorphic rocks. 
Carbon.- Most of the sandstones contain a c e r t a i n amount of carbon, 
but i t i s r a r e l y a very prominent c o n s t i t u e n t . I n general, d e t r i t a l carbon 
i s most abundant i n the s h a l y lower p a r t s of the sandstones, there being 
only a small amount i n the main body of the sandstones u s u a l l y . However, 
those sandstones which contain Stigmaria and plant r o o t l e t s i n s i t u natur-
a l l y have a c e r t a i n amount of carbon a s s o c i a t e d , but even i n such circum-
s t a n c e s , although the carbon i s very obvious, i t i s not p a r t i c u l a r l y abun-
dant. I n a d d i t i o n , the bases of the washout-channel sandstones, p a r t i c u -
l a r l y the s u b s i d i a r y ones, often contain reasonably common quite larg e 
derived fragments of vegetation whose o u t l i n e s and sometimes the ornamen-
t a t i o n are picked out by a t h i n f i l m of coal or a concentrated l a y e r of 
disseminated carbon. Derived angular c o a l fragments also occur sometimes, 
p a r t i c u l a r l y i n the channel sandstones, but not u s u a l l y i n abundance; how-
ever, as mentioned i n Chapter IV, the upper component of the VJhite Hazle 
f r e q u e n t l y contains c o a l fragments, p a r t i c u l a r l y at i t s base, the fragments 
having been derived by the erosion of the t h i n coal seam which separates 
the two components of the White Hazle. 
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I n t h i n s e c t i o n the carbon appears t o t a l l y black i n transmitted 
l i g h t w h i l s t under r e f l e c t e d l i g h t i t i s a l s o predominantly black but 
w i t h i n i t pin-points of white r e f l e c t i o n appear from i s o l a t e d points. 
I n the normal d e t r i t a l type of occurrence the carbon appears as rounded 
g r a i n s , i r r e g u l a r ragged fragments and a l s o i n a f i n e l y disseminated 
s t a t e ; such m a t e r i a l often occurs concentrated and a s s o c i a t e d with r i c h l y 
micaceous bands, but i t a l s o occurs d i s c r e t e l y and s c a t t e r e d too. Where 
i t i s present i n intimate a s s o c i a t i o n with plant r o o t l e t s i n s i t u the 
carbon appears as concentrations of disseminated m a t e r i a l and i r r e g u l a r l y 
shaped fragments; the S t i g m a r i a with which the r o o t l e t s are generally 
a s s o c i a t e d may a l s o have a s i m i l a r occurrence of concentrated disseminated 
m a t e r i a l along them, but i n many cases there i s a d i s t i n c t t h i n f i l m of 
c o a l o u t l i n i n g them. I n a d d i t i o n , the derived l a r g e fragments of veget-
a t i o n found i n the lower p a r t s of the washout-channel sandstones e x h i b i t 
s i m i l a r f e a t u r e s , t h i n c o a l f i l m s often being present. The derived coal 
fragments are g e n e r a l l y angular and of considerably l a r g e r s i z e than the 
average g r a i n s i z e of the sediments which contain them, as opposed to the 
normal d e t r i t a l carbon which tends to be of a s i m i l a r grain s i z e to the 
sandstones which contain i t . 
Thus, there are various modes of o r i g i n for the carbon w i t h i n the 
sandstones, some of the carbon having been derived and some formed i n 
s i t u . Nevertheless, a l l occurrences are r e l a t e d to plants and i n d i c a t e 
the growth of such somewhere w i t h i n the environment, thus r e f l e c t i n g the 
e x i s t e n c e of swamp or t e r r e s t r i a l conditions during and subsequent to 
the formation of the sandstones. Obviously, the c o a l s which frequently 
o v e r l i e the sandstones confirm such conclusions. The derived carbon 
fragments represent comminuted plant debris, some of which has been worn 
i n t o rounded gra i n s ; the other occurrences and t h e i r • d e r i v a t i o n s are s e l f -
explanatory. 
Rock Fragments.- The sandstones have no very predictable d i s t r i b u t i o n 
of rock fragments, nor any great v a r i e t y i n the types. However, i r r e g u l a r 
s h a l e fragments up to 10 cm. long are g e n e r a l l y quite common i n the lower 
p a r t s of the washout-channel sandstones. S h a l e . a l s o occurs i n the other 
sandstones in- o c c a s i o n a l l e n t i c u l a r bands of i r r e g u l a r l y shaped small 
fragments; i n addition, g a l l s of c l a y ironstone are sometimes a s s o c i a t e d 
with the shale fragments. The angular coal fragments mentioned above are 
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a l s o r e a l l y rock fragments and, therefore, warrant mention here. Both 
the shale and coail fragments are considered to have been derived l o c a l l y 
w i t h i n the environment of deposition. They, therefore, i n d i c a t e the 
exi s t e n c e of a c e r t a i n amount of penecontemporaneous erosion even though 
dep o s i t i o n was the main a c t i v i t y ; one way which t h i s can take place i s 
w e l l i l l u s t r a t e d by the washout-channels whose courses cut into the under-
l y i n g s h a l e s and c o a l s , thus r e s u l t i n g i n t h e i r sandstone f i l l i n g s being 
the most p r o l i f i c i n fragments. The s u r v i v a l of the shale and coal as 
fragments must be taken to i n d i c a t e at l e a s t t h e i r e a r l y p a r t i a l l i t h i f -
i c a t i o n . 
Since the major washout-channel sandstone cuts i n t o the Great Lime-
stone i t might be expected that limestone fragments would be present i n 
the s a n d s t o n e - f i l l at the base of the channel. No such fragments have 
been discovered, however, although Hicks (1958) noticed that the washout-
channel sandstone of the Baugh F e l l region contained occasional voids 
which he thought may have been due to the s o l u t i o n of limestone pebbles; 
i t might be pointed out that t h i s observation was made before the present 
work had shown that the major washout-channel did a c t u a l l y cut into the 
Great Limestone on the Alston Block. 
P y r i t e . - Only r a r e occurrences of p y r i t e within the seindstones have 
been noticed and i n v a r i a b l y the mineral has proved to be of secondary 
o r i g i n , t h i s being obvious from the c r o s s - c u t t i n g r e l a t i o n s h i p s which the 
p y r i t e g r a i n s and euhedra have with the other c o n s t i t u e n t s of the sand-
stones, 
Limonite.- This mineral i s c e r t a i n l y of secondeiry o r i g i n , but i n 
surf a c e exposures of the sandstones i t i s almost i n v a r i a b l y present to a 
grea t e r or l e s s e r extent imparting to the rocks an orange, brovm or buff 
colour. However, as mentioned above, i t i s gene r a l l y absent from the 
sandstones where they have not been subjected to weathering. Thus, i t s 
occurrence i s d i r e c t l y a t t r i b u t a b l e to weathering, the limonite being 
derived by the oxidation of some of the o r i g i n a l iron-beacring minerals of 
the seindstones and the in t r o d u c t i o n of other i r o n oxide by the weathering 
processes. The limonite g e n e r a l l y occurs s t a i n i n g the cl a y minerals to 
vary i n g degrees, but i t i s a l s o present i n d i s c r e t e concentrations as 
c l o t s euid t h i n f i l m s around the quartz g r a i n s , as w e l l as oc c a s i o n a l 
c o n c r e t i o n s . 
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Some of the limonite has undoubtedly been derived by the weathering 
of s i d e r i t e and probably c a l c i t e which has some i r o n carbonate i n t i m a t e l y 
a s s o c i a t e d with i t . Another probable source i s hydrobiotite which i s 
unstable, breaking down to l i r a o n i t e , when subjected to weathering. The 
other obvious source of limonite from within the sandstones i s the p y r i t e 
which tends to break down when weathered. Introduction of lijnonite has 
undoubtedly been e f f e c t e d to some extent by i r o n - r i c h surface waters. 
CONCLUSIONS 
From the point of view of provenance, the o v e r a l l maturity i n grain 
shape and s o r t i n g and the marked maturity i n mineral composition are a l l 
i n d i c a t i v e of the sandstones being predominantly derived from p r e - e x i s t i n g 
sediments, but there i s some evidence to suggest that a s u b s i d i a r y amount 
of m a t e r i a l was derived from primary c r y s t a l l i n e rocks silso. Even though 
the m a t e r i a l f o r the sandstones was probably l a r g e l y derived from pre-
e x i s t i n g sediments, the mineralogy i n d i c a t e s that the o r i g i n a l source of 
the p r e - e x i s t i n g sediments was primary metamorphic sind igneous rocks, the 
evidence suggesting that metamorphic rocks were the dominsint contributors. 
As f a r as the conditions of deposition are concerned the o v e r a l l 
evidence from the sandstones and the a s s o c i a t e d sediments i n d i c a t e s that 
the materisil forming them was transported by and deposited i n water. 
B a s i c a l l y the m a t e r i a l forming the major parts of the sheet ssindstones, 
the contemperaneous "chemnel" sandstone and the upper parts of the washout-
channel sandstones would appear to have been transported by and deposited 
i n water where s i m i l a r conditions of current strength, abrasion and winn-
owing a c t i o n p r e v a i l e d s i n c e , i n general, a l l e x h i b i t s i m i l a r o v e r a l l 
grain s i z e s , s o r t i n g , degrees of roundness and mineral compositions. The 
general maturity of the sandstones i n a l l these aspects suggests that, 
apart from being derived from p r e - e x i s t i n g sediments, a f a i r amount of 
abrasion took place during t r a n s p o r t ; a l s o i t would appear that a f t e r 
d e p osition a c t i v e winnoiving was able to take place i n reasonably shallow 
water i n msiny cases, deposition not being too r a p i d to i n h i b i t i t ; need-
l e s s to say, i t i s impossible to a s s e s s the exact extent of such a c t i v -
i t y because t h i s would depend upon knowing the maturity of the source 
sediments. Where the sandstones l o c a l l y become somewhat shaly the winn-
owing a c t i o n was obviously l e s s e f f e c t i v e , the f i n e r c l a y f r a c t i o n not 
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having been removed; i n the case of the v e r t i c a l ( p a r t i c u l a r l y where 
the sheet sandstones grade up from the underlying s h a l e ) and l a t e r a l 
r e g i o n a l passage to a more shaly c h a r a c t e r , however, the change i s 
probably l a r g e l y a t t r i b u t a b l e to the feed of m a t e r i a l being predomi-
n a n t l y of c l a y grade due to a weakening of the tramsporting agent 
r a t h e r than f a i l u r e of the s o r t i n g r e l a t e d to l e s s a c t i v e winnowing. 
The l o c a l poorly sorted pairts of the sandstones, which are frequently 
coarse grained, presumably arose due to l o c a l i n c r e a s e s i n strength of 
the trauisporting agent amd/or f a i l u r e of the winnowing action to be f u l l y 
e f f i c i e n t , the l a t t e r p o s s i b l y being due to more ra p i d l o c a l deposition. 
Such occurrences of poorly sorted coarse grained m a t e r i a l aunongst w e l l 
sorted f i n e r m a t e r i a l , along with the l o c a l shaly occurrences, i n d i c a t e 
that the conditions of deposition were not absolutely uniform; t h i s 
s i t u a t i o n , i s not e n t i r e l y unexpected i n a n a t u r a l environment. The basail 
pacrts of the washout-channel sandstones d i f f e r from the other sandstones 
i n being considerably coarser grained and l e s s mature with t h e i r poorer 
s o r t i n g eind s l i g h t l y d i f f e r e n t minerailogical composition; these features 
are obviously i n d i c a t i v e of somewhat d i f f e r e n t conditions of deposition 
as compaired with those of the other sandstones. The cosu'ser g r a i n s i z e 
r e f l e c t s the greater strength of the t r a n s p o r t i n g current, such a feature 
f i t t i n g i n w e l l with the strength of the agent, that i s to say, the r i v e r s , 
r e q u i r e d to i n i t i a l l y cut the channels containing the sandstones. Thus, 
the coarser grained sands with t h e i r moderate s o r t i n g represent the i n i t i a l 
d e posits l a i d dovm when the m a t e r i a l being transported was deposited due 
to s l a c k e n i n g of the c u r r e n t , the i n d i c a t i o n from the poorer s o r t i n g being 
that d e position was more r a p i d than i n the case of the other sandstones. 
Confirmation of the more r a p i d deposition amd the consequent reduced winn-
owing a c t i o n appeairs to be present as f a r as the major washout-chamnel 
sandstone i s concerned, s i n c e the s u r v i v a l of mi'crocline and m i c r o c l i n e -
microperthite can probably be a t t r i b u t e d to r e l a t i v e l y rapid deposition, 
the s i m i l a r f e l d s p a r s having been destroyed i n the other sandstones due to 
g r e a t e r winnowing a c t i o n . The l a c k of any s i g n i f i c a n t d i f f e r e n c e i n the 
rounding of the components of the baseQ. parts of the washout-channel sand-
stones and the other sandstones could be taken to i n d i c a t e that the bulk 
of the m a t e r i a l forming the sandstones was derived from p r e - e x i s t i n g 
sediments with good rounding, because i f t h i s were not so there would be 
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some d i f f e r e n c e i n the degree of rounding of the components of the d i f f -
erent sandstones r e l a t i n g to the d i f f e r i n g conditions of deposition. 
However, i t could be that, at l e a s t to some extent, the basal p a r t s of the 
washout-chsmnel sandstones possess as high a degree of rounding as the 
other sandstones because of t h e i r coarser grain s i z e , the rounding e f f e c -
ted by r o l l i n g during transport of the coarser grained ma t e r i a l o f f -
s e t t i n g the rounding a t t a i n e d l a t e r due to winnowing by the materisuL form-
ing the other sandstones; i n t h i s context i t might be mentioned that t h i s 
l a t t e r m a t e r i a l would be moved mainly by s a l t a t i o n because of i t s f i n e r 
g r a i n s i z e and hence i t would not s u f f e r so much rounding during transport. 
I n some i n s t a n c e s the cements of sandstones have been u t i l i z e d a^ 
i n d i c a t o r s of the depositionaO. environment. As f a r as the Great Cyclo-
them semdstones are concerned the main cementation has sirisen, as 
described p r e v i o u s l y , by the r e d i s t r i b u t i o n of s i l i c a derived from the 
c o n s t i t u e n t d e t r i t a l quairtz g r a i n s of the sandstones, no other source of 
s i l i c a appearing to be re q u i r e d . Thus, there i s no evidence to support 
the e x i s t e n c e of the process suggested by Greensmith (1957) for the cemen-
t a t i o n of Mi l l s t o n e G r i t and Coal Measure sandstones which involves the 
p r e c i p i t a t i o n of s i l i c a from a c i d waters such as those found i n a d e l t a 
under f l u v i a l i n f l u e n c e . Therefore, the main cementing agent does not 
o f f e r any d e f i n i t e i n d i c a t i o n of the de p o s i t i o n a l environment of the 
sandstones-even though i t seems l i k e l y on the b a s i s of other evidence that 
at l e a s t p a r t s of the sandstones were l a i d down i n a d e l t a i c environment 
under f l u v i a l i n f l u e n c e . As mentioned previously, because of t h e i r suscep-
t i b i l i t y to a l t e r a t i o n and r e d i s t r i b u t i o n during diagenesis and weathering 
the carbonates alone are g e n e r a l l y not r e l i a b l e i n d i c a t o r s of the depos-
i t i o n s i l environment; where there i s a s s o c i a t i o n with marine f o s s i l s the 
s i t u a t i o n i s c l a r i f i e d somewhat, however. The i m p l i c a t i o n s of the presence 
of a prominent c l a y f r a c t i o n i n the sandstones has already been dealt, 
with above as f a r as the environment of deposition i s concerned. 
Within r e l a t i v e l y recent years numerous d i f f e r e n t sandstone c l a s s i f -
i c a t i o n s have been erected, the m u l t i p l i c i t y being a t t r i b u t a b l e to the 
very v a r i a b l e mineralogy of the sandstones and the d i f f e r e n t emphasis 
placed on v a r i o u s features and requirements by the d i f f e r e n t workers. The 
most important of these c l a s s i f i c a t i o n s have been published by the 
fo l l o w i n g authors:- Krynine (19^8) , P e t t i j o h n (19^8, 195^ and 1957) , 
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Tallman (19^9) , Rodgers ( 1950) , Dapples, Krumbein and Sl o s s (1953) , 
Folk (195^ and 1956) , Fackham (195^) , G i l b e r t i n Williams, Turner and 
G i l b e r t (195^) and Bokman ( 1955) . A l l these c l a s s i f i c a t i o n s have t h e i r 
d i f f e r e n t m erits but none are e n t i r e l y s a t i s f a c t o r y . I n f a c t , con-
f u s i o n has a r i s e n because there has been no standardization on termi-
nology or c l a s s l i m i t s , v a r i o u s authors having used d i f f e r e n t names for 
the same sandstone types i n some cases, w h i l s t in" other instances the 
"same name has been used f or d i f f e r e n t sandstone types; for exsimple, as 
pointed out by Potter and Glass (1958) , the terms orthoquartzite (Krynine, 
195^; P e t t i j o h n , 19^8, 195^ and 1957; Folk, 195^) , quartzose sandstone 
(Dapples e t a l . , 1953) and quartz eirenite ( G i l b e r t i n Williams et a l . , 
195^) a l l b a s i c a l l y describe the same type of q u a r t z - r i c h sandstone. 
F o r t u n a t e l y , the complexities of these d i f f e r e n t c l a s s i f i c a t i o n s do not 
f u l l y concern t h i s work s i n c e the. Great Cyclothem sandstones are bas i c e i l l y 
mature q u a r t z - r i c h deposits which may be described as o r t h o q u a r t z i t i c , 
the major p a r t s being true o r t h o q u a r t z i t e s ; thus, the sandstones are 
members of a d i v i s i o n of many of the d i f f e r e n t c l a s s i f i c a t i o n s about 
which there i s general agreement as f a r as i t s compositional l i m i t s are 
concerned, despite i t having been named d i f f e r e n t l y by various authors, as 
mentioned above. However, on the b a s i s of some of the c l a s s i f i c a t i o n s the 
more s h a l y or a r g i l l a c e o u s sandstones should be designated subgraywack^s 
s o l e l y because of t h e i r high c l a y content. Such a designation i s not 
considered v a l i d s i n c e the sandstones do not contain the r e q u i s i t e com-
ponents, p s i r t i c u l a r l y the necessary proportion of rock fragments, to be 
r e l a t e d to a graywack^ as o r i g i n a l l y defined by Naumeuin ( I 8 5 8 ) ; a l s o , the 
term graywack^ holds i m p l i c a t i o n s of d e r i v a t i o n by vigorous t e c t o n i c 
a c t i v i t y with deposition i n a geosyncline, conditions which c e r t a i n l y can 
not be a s s o c i a t e d with the formation of the Great Cyclothem sandstones. 
I t was because such d i f f i c u l t i e s arose by in c l u d i n g d e t r i t a l c l a y s i n the 
c l a s s i f i c a t i o n s that Folk (195^) completely disregarded them. Because of 
t h e i r general intimate a s s o c i a t i o n with the mature q u a r t z - r i c h sandstones, 
the a r g i l l a c e o u s ssindstones may also be described as orthoqueirtzitic, 
although they are not true o r t h o q u a r t z i t e s . I n order to overcome t h i s 
d i f f i c u l t y i n c l a s s i f i c a t i o n , Harbord ( I962 ) erected an orthoquartzite 
s e r i e s of sandstones (along with an arkose s e r i e s and a graywack6 s e r i e s ) 
and gave the sandstones the general nsuae a r e n i t e with d e s c r i p t i v e p r e f i x e s ; 
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thus, the true mature q u a r t z - r i c h orthoqueirtzites are described as 
quartz a r e n i t e s and the more a r g i l l a c e o u s sediments with orthoquairtzitic 
a f f i n i t i e s are known as impure quairtz a r e n i t e s or a r g i l l a c e o u s a r e n i t e s . 
The above discourse covers most of the sauidstone members of the Great 
Cyclothem but those seuidstones containing a carbonate cement also need 
c l a s s i f y i n g . I n view of t h e i r framework f r a c t i o n c o n s i s t i n g dominantly 
of quartz they may be termed calcareous or s i d e r i t i c orthoquairtzites. 
However, where the carbonate ( u s u a l l y c a l c i t e ) becomes dominemt the rock 
must be c l a s s i f i e d as an arenaceous limestone. 
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CHAPTER VI 
SEDIMENTARY STRUCTURES 
GENERAL 
Those sedimentary s t r u c t u r e s considered i n d e t a i l below are the 
more prominent ones which g e n e r a l l y have f i e l d r e l a t i o n s h i p s and s i z e s 
t h a t render them best studied i n the f i e l d r a t h e r than the laboratory; 
however, some of the s t r u c t u r e s are best exhibited i n borehole cores, 
although they are u s u a l l y observable i n the f i e l d too. They laurgely 
occur above the b a s a l limestone i n the e s s e n t i a l l y non-calcareous beds 
which form the upper part of the cyclothem over a l a r g e proportion of 
the area, and furthermore, they are p a r t i c u l a r l y prominent i n the sand-
stone and s h a l y samdstone components of these beds to which many of them 
are v i r t u a l l y confined. Probably of most importance within the arenaceous 
l i t h o l o g i e s are the u s e f u l d i r e c t i o n a l s t r u c t u r e s which manifest them-
s e l v e s as cross-bedding and ripple-marks. I n addition, however, load-
c a s t s , slump s t r u c t u r e s , animal t r a c e s , graded bedding and s t y l o l i t e s 
have been noted i n the sandstones and r e l a t e d sediments; i n general, the 
l a t t e r group of s t r u c t u r e s are by no means as: common or ais obvious as the 
d i r e c t i o n a l , s t r u c t u r e s , cross-bedding and ripple-marks being almost ubiq-
u i t o u s f e a t u r e s of the sandy beds to a greater or l e s s extent. S t r u c t u r e s 
such as current l i n e a t i o n s , drag grooves and current f l u t i n g have not been 
recognized i n the sandstones. I n the other l i t h o l o g i e s , nodules of various 
types occur, p a r t i c u l a r l y i n the s h a l e s , and i n the b a s a l limestone of the 
cyclothem b e a u t i f u l l y d i s played s t y l o l i t e s are e s p e c i a l l y prominent. 
The main purpose of c o n s i d e r i n g the sedimentary s t r u c t u r e s has been 
to a s s e s s the bearing which they have upon the provenance and conditions 
of deposition of the sediments which contain them; i n addition, however, 
the i m p l i c a t i o n of the occurrence of s t y l o l i t e s has a l s o been looked i n t o . 
With the above i n view, the sedimentary s t r u c t u r e s have been studied i n 
s p e c i f i c d e t a i l i n the development of the Great Cyclothem on the Alston 
Block and i n adjacent a r e a s , the l a t t e r having been done i n order to c o r r -
e l a t e with other workers' observationsin the remainder of Northern England, 
With r e s p e c t to the remainder of Northern England, as i n other parts of 
t h i s work, where they are" a v a i l a b l e the published observations of other 
workers have been taken i n t o c o n s i deration i n compiling t h i s account. 
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DIRECTIONAL STRUCTURES 
Introduction 
The sedimentary s t r u c t u r e s considered under t h i s heading are those 
which elsewhere have p r e v i o u s l y been found to be u s e f u l for determining 
d i r e c t i o n of current flow as w e l l as i n d i c a t i n g other environmental condit-
i o n s . Of t h i s type of sedimentary s t r u c t u r e , cross-bedding, ripple-marks, 
c u r r e n t l i n e a t i o n , current f l u t i n g , load c a s t s , drag grooves £ind slump 
s t r u c t u r e s have a l l been used s u c c e s s f u l l y , e i t h e r i n combination or s i n g l y , 
f o r determining l o c a l and/or r e g i o n a l d i r e c t i o n of sediment transport. How-
ever, of these s t r u c t u r e s only cross-bedding and ripple-marks have been found 
to be present i n s u f f i c i e n t abundance with the necessary widespread d i s t r i b -
u t i o n w i t h i n the rocks vinder consideration to a t t r a c t a study of them as 
c u r r e n t flow d i r e c t i o n i n d i c a t o r s . Other s t r u c t u r e s used elsewhere as d i r -
e c t i o n i n d i c a t o r s are a l s o present i n the rocks, but they are not u s e f u l 
from t h i s point of view i n the present case s i n c e they do not possess the 
n e c e s s a r y requirements of abundance, widespread d i s t r i b u t i o n and ease of 
measurement. Such a s i t u a t i o n w i t h one or two s t r u c t u r e s dominant and 
the others s u b s i d i a r y or completely absent i s not e n t i r e l y unexpected 
s i n c e the formation of the d i f f e r e n t s t r u c t u r e s depends on d i f f e r i n g dep-
o s i t i o n a l environments. Even though they are present i n reasonable abun-
dance w i t h a widespread d i s t r i b u t i o n the cross-bedding and ripple-marks 
are of l i m i t e d use as d i r e c t i o n i n d i c a t o r s for various reasons, as w i l l be 
seen below. 
Cross-bedding 
Cross-bedding, the most prominent of the sedimentary s t r u c t u r e s v/ithin 
the Great Cyclothem, i s present to a greater or l e s s extent i n the major-
i t y of sandstones of sheet, contemporaneous "channel" and wsishout-channel 
types. Ho\irever, to a l a r g e extent i t depends upon the l i t h i f i c a t i o n 6ind 
weathering of the sandstones as to whether the s t r u c t u r e i s obvious or not, 
there being a number of cases where a seindstone i s cross-bedded without the 
f e a t u r e being r e a d i l y d e t e c t a b l e . I n a few cases the sandstones are sGLmost 
or completely cross-bedded throughout, but more normally the s t r u c t u r e only 
occurs commonly i n s p e c i f i c p a r t s of the sandstones; t h i s does not mean that 
i t i s n e c e s s a r i l y completely absent from other p a r t s of the sandstones, how-
ever. I n the sheet sandstones i t i s most often found i n the middle portion, 
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w h i l s t i n the contemporaneous "channel" and washout-channel sandstones 
cross-bedding occurs i n the b a s a l and middle p a r t s most commonly. I t i s 
s i g n i f i c a n t to note that the f o s s i l i f e r o u s sandstones amd sandy marine 
bands contedn no obvious cross-bedding, although t h e i r l a t e r a l represen-
t a t i v e s may; thus, the marine or quasi-marine environment would appear' to 
have been unsuitable f o r at l e a s t the preservation i f not the formation 
of the s t r u c t u r e . 
Although exposures of the sandstones are often obviously cross-bedded, 
i t i s f r e q u e n t l y d i f f i c u l t to a c c u r a t e l y measure the dip d i r e c t i o n s of the 
cross-bedding laminae because of the nature of the outcrop, such a s i t u -
a t i o n being the r u l e r a t h e r thain the exception. Thus, a t most l o c a l i t i e s 
i t i s completely impossible to obtain s u f f i c i e n t measurements to c a r r y out 
a separate a n a l y s i s even i f the apparent vairiation i s such as to warrant 
t h i s . Consequently, a i l l measurements taiken on the Alston Block have been 
grouped together f o r the purpose of t h i s consideration. 
The cross-bedding most often appears i n u n i t s ranging from 3 inches 
to 2 f e e t t h i c k , although occasioneilly they are t h i c k e r . These u n i t s , 
which i n general are only tr a c e a b l e l a t e r a l l y f or a few f e e t , are made 
up of i n d i v i d u a l laminae v a r y i n g i n thickness between ^ inch and 6 inches, 
w i t h an average of 1 i n c h or so, the v a r i a t i o n i n general, being d i r e c t l y 
r e l a t e d to the o v e r a l l s i z e of the i i n i t s , These laminae are generally 
s l i g h t l y curved (concave upwards), but the curvature i s not u s u a l l y very 
marked eind may be so s l i g h t as to make the laminae appear s t r a i g h t . Those 
laminae making up a i i n i t g e n e r a l l y have a u n i d i r e c t i o n a l dip whjch v a r i e s 
between 10 degrees and 25 degrees, the most normal angle being between 15 
degrees and 20 degrees. Thus, the i n d i v i d u a l laminae may be termed fore-
s e t s w i t h i n the g e n e r a l l y accepted terminology of cross-bedding, but no 
a s s o c i a t e d bottomset or topset beds have ever been noted with them. The 
above-mentioned f e a t u r e s of the cross-bedding are i l l u s t r a t e d i n F i g s , ' f l , 
k2 and ^3 . The i n d i v i d u a l f o r e s e t s appear to be homogeneous throughout, 
there being no accumulation of coarser grained m a t e r i a l a t the foot of 
them, as would be expected i n the case of c l a s s i c a l d e l t a f o r e s e t s . Where 
i n d i v i d u a l cross-bedded u n i t s are superimposed, as i s frequently the case, 
each succeeding u n i t g e n e r a l l y truncates the underlying one.to a greater 
or l e s s extent; i n f a c t , even where cross-bedded u n i t s are o v e r l a i n by 
sandstone which i s not cross-bedded, the tops of the u n i t s u s u a l l y appear 
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F i g , ^1. Typical cross-bedding; High Coal S i l l subsidisury washout-
channel sandstone, Ashes East Quarry, near Stanhope. 
Fig , A-2. Typical cross-bedding with distinct curved laminae; White 
Hazle, B l a g i l l Burn, B l a g i l l . 
F i g , ^3. T y p i c a l cross-bedding dip slope; White Hazle, B l a g i l l 
Burn, B l a g i l l , 
F i g . 44, T y p i c a l cross-bedded u n i t o v e r l a i n and truncated by non-
cross-bedded m a t e r i a l ; High Coal S i l l major washout-channel 
sandstone, Sunny Brow Mine Quarry, near S t . John's Chapel, 
t o be t r u n c a t e d ( F i g . kk). I n d i v i d u a l superimposed u n i t s u s u a l l y v a r y 
i n t h e i r d i r e c t i o n o f d i p , the v a r i a t i o n o f t e n b e i n g c o n s i d e r a b l e ; even 
i n t h e same u n i t , where t h e d i p i s g e n e r a l l y u n i d i r e c t i o n a l , as s t a t e d . 
above, a s l i g h t swing i n the d i r e c t i o n o f d i p o f the laminae i s sometimes 
apparent as t h e u n i t i s t r a c e d l a t e r a l l y . 
I n t i m a t e l y a s s o c i a t e d eind i n t e r s p e r s e d vd.th the above type o f c r o s s -
b e d d i n g i s a s u b s i d i a r y form i n which i n the i d e a i l case the sand i n f i l l s 
o b v i o u s t r o u g h s so t h a t two s e t s o f curved cross-bedding laminae d i p i n t o 
t h e c e n t r e s of t h e t r o u g h s , one from each s i d e , t h e r e b e i n g a t h i r d d i p 
component p a r a l l e l t o the axes o f the t r o u g h s . These i n f i l l e d t r o u g h s , 
w h i c h a r e o n l y o c c a s i o n a l l y p e r f e c t l y p r e s e r v e d , v a r y i n cross s e c t i o n a l 
w i d t h , between 6 i n c h e s and 10 f e e t w i t h the m a j o r i t y h a v i n g a i^ridth near-
e r t h e maximum; the maximum depth o f the t r o u g h s , and hence the t h i c k n e s s 
o f t h e u n i t s c o n t a i n e d , i s o f the ord e r o f 2 f e e t , the t h i c k n e s s b e i n g 
d i r e c t l y p r o p o r t i o n a l t o the id.dth and hence c o n s i d e r a b l y l e s s , than 2 
f e e t i n the case o f t h e narrower t r o u g h s ; u n f o r t u n a t e l y , exposure does 
n o t a l l o w t h e l e n g t h s o f t h e t r o u g h s t o be determined. An almost i n v a r -
i a b l e f e a t u r e o f t h e t r o u g h s i s t h e i r e r o s i v e bases. T h i s type o f c r o s s -
b e d d i n g has been f r e q u e n t l y r e c o g n i z e d i n v a r i o u s f o r m a t i o n s s i n c e i t was 
f i r s t d e s c r i b e d f r o m the Casper f o r m a t i o n o f the Larcimie b a s i n and named 
f e s t o o n c r o s s - b e d d i n g by K n i g h t (1929). An example o f a p e r f e c t u n i t from 
a sandstone o f the Great Cyclothem i s i l l u s t r a t e d i n F i g . k^t 
From t h e above i t i s obvious t h a t i n some cases the e s s e n t i a l l y u n i -
d i r e c t i o n a l d i p p i n g c r o s s - b e d d i n g u n i t s may s i m p l y be the exposed h a l f o f 
a complete f e s t o o n cross-bedded u n i t , t h e o t h e r h a l f b e i n g obscured due t o 
th e c h a r a c t e r o f t h e exposure. I n o t h e r cases, u n i d i r e c t i o n a l u n i t s can 
a r i s e due t o the i m p e r f e c t p r e s e r v a t i o n o f f e s t o o n cross-bedded u n i t s , as 
i l l u s t r a t e d i n F i g . 46 ( t a k e n from P o t t e r and Glass, 1958) which thus dem-
o n s t r a t e s how a l a r g e p r o p o r t i o n , i f n o t a l l o f the cross-bedding d e s c r i b e d 
above cam be r e f e r r e d t o under t h e broad term o f f e s t o o n . c r o s s - b e d d i n g . 
As f a r as i t s d e r i v a t i o n i s concerned, cross-bedding can o b v i o u s l y 
be formed wherever sediment i s l a i d down a t an a p p r e c i a b l e angle t o h o r i z -
o n t a l , t h e r e b e i n g s e v e r a l agencies i n d i f f e r i n g environments by iifhich t h i s 
can be e f f e c t e d . I n a sub-aqueous environment such bedding may be formed 
i n m i n i a t u r e d e l t a s by the c l a s s i c a l method of sediment t u m b l i n g down a 
d e l t a f r o n t s l o pe t o form c h a r a c t e r i s t i c f o r e s e t s ; i t can a l s o be formed 
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F i g , 45. Complete festoon cross-bedded u n i t ; White Hazle, B l a g i l l 
Burn, B l a g i l l . 
F i g , 46, Block diagram i l l u s t r a t i n g a t y p i c a l markedly cross-bedded 
sandstone of the Great Cyclothem ( a f t e r Potter and G l a s s , 1958). 
i n a b r a i d e d r i v e r system on p o i n t b a r s , channel bars and even on the 
beds o f the streams; i n a d d i t i o n , r i p p l e s on a l a r g e and s m a l l s c a l e 
can g i v e r i s e t o c r o s s - b e d d i n g by t h e i r m i g r a t i o n ; f u r t h e r m o r e , d e p o s i t i o n 
on t h e s i d e s o f beach g u l l e y s , i n beach cusps and on b a r s and s p i t s can 
produce forms o f c r o s s - b e d d i n g , w h i l s t changes i n beach p r o f i l e r e s u l t 
i n v e r y low angle c r o s s - b e d d i n g i Cross-bedding can a l s o be formed under 
sub-aeriauL c o n d i t i o n s and i s known as a e o l i a n ; i t d i f f e r s from sub-aqueous 
c r o s s - b e d d i n g i n h a v i n g a g e n e r a l l y confused appearance and, as can be 
seen f r o m t h e above d e s c r i p t i o n , can be r u l e d out o f t h i s c o n s i d e r a t i o n . 
D e s p i t e t h e open-minded work o f g e o l o g i s t s b e f o r e h i s t i m e , the works o f 
Sorby i n t h e 1850's (I852, I856, l859a and l859b) appear t o have i n f l u e n -
ced many, b u t n o t all, subsequent workers who have f r e q u e n t l y assumed t h a t 
one mechgmism, t h a t i s t o say, d e p o s i t i o n on the s l o p i n g s u r f a c e o f m i n i a -
t u r e d e l t a s , i s adequate t o e x p l a i n a l l sub-aqueous cross-bedding. The 
f e a t u r e s o f t h e c r o s s - b e d d i n g i n the Great Cyclothem sandstones are n o t 
c o n s i s t e n t w i t h such a d e r i v a t i o n f o r v a r i o u s reasons. I n p a r t i c u l a r , 
i t i s d i f f i c u l t t o envisage how t h e complete f e s t o o n cross-bedded u n i t s 
c o u l d be formed i n such an environment and the r e p e t i t i o n o f u n i t s i s 
a t y p i c s i l o f m i n i a t u r e d e l t a cross-bedding; n e i t h e r are the v a r i a b l e and 
o f t e n low d i p s o f the f r e q u e n t l y curved laminae l i k e the reasonably h i g h 
c o n s t a n t d i p s o f t r u e f o r e s e t s which a r e comprised o f s t r a i g h t laminae; 
a l s o , i n m i n i a t u r e d e l t a c r o s s - b e d d i n g the c o a r s e s t sand g r a i n s aggregate 
a t t h e f o o t o f the d e l t a s l o p e , a f e a t u r e which i s not' apparent i n the 
r e l a t i v e l y homogeneous cr o s s - b e d d i n g laminae under c o n s i d e r a t i o n ; f u r t h e r -
more, c r o s s - b e d d i n g formed i n a m i n i a t u r e d e l t a sometimes has bottomset 
beds, i f n o t t o p s e t s a s s o c i a t e d w i t h t h e f o r e s e t s , whereas i n the p r e s e n t 
case no such f e a t u r e s have been d i s c o v e r e d . Thus, fT,6m the f o r e g o i n g i t 
can be seen t h a t t h e r e i s c o n s i d e r a b l e evidence a g a i n s t the cross-bedding 
i n t h e Great Cyclothem h a v i n g been formed i n the most g e n e r a l l y accepted 
e n v i r o n m e n t , t h a t i s t o say, m i n i a t u r e d e l t a s . Of the o t h e r environments 
mentioned above, t h e most l i k e l y one i n which the d e s c r i b e d cross-bedding 
c o u l d have been formed i s a complex f l u v i a l one comprised o f e s s e n t i a l l y 
s h a l l o w , b u t o c c a s i o n a l l y markedly i n c i s e d , b r a i d e d and meandering streams 
on an e x t e n s i v e and d e v e l o p i n g f l a t l o w - l y i n g c o a s t a l p l a i n i n a d e l t a i c 
s e t t i n g . I n t h i s s e t t i n g , as t h e streams m i g r a t e d l a t e r a l l y sediment 
would be l a i d down a t an a n g l e t o h o r i z o n t a l on p o i n t b a r s ( a t t h e i n s i d e s 
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o f bends) and channel b a r s ( i n m i d - c h a n n e l ) , the cross-bedding e x t e n d i n g 
i n the d i r e c t i o n o f movement w i t h t h e l o n g e s t cross-bedded u n i t s b e i n g 
formed i n t h e most markedly meandering streams. I t has been shown t h a t 
i n such am environment t o t h e above, the most r a p i d a c c r e t i o n takes place 
i n a f l o o d s t a g e and under such c o n d i t i o n s d e p o s i t i o n occurs on the f l o o r 
o f t h e channels i n t r o u g h s and h o l l o w s , thus g i v i n g r i s e t o p e r f e c t f e s -
t o o n cross-bedded \ x n i t s . The above i s o b v i o u s l y a s i m p l i f i c a t i o n o f the 
process i n v o l v e d i n t h e f o r m a t i o n o f the cross-bedding, b u t i t i s the 
most f e a s i b l e one s i n c e o b j e c t i o n s can be r e i i s e d a g a i n s t a l l the o t h e r 
processes mentioned p r e v i o u s l y . 
I f t h e above mode o f f o r m a t i o n i s accepted i t can be seen t h a t i n 
t h e m a j o r i t y o f cases the c r o s s - b e d d i n g w i l l be formed w i t h the d i p of 
t h e laminae a t r i g h t a n g l e s t o the c u r r e n t f l o w a t any p a r t i c u l a r p o i n t , 
the o n l y major depeirture from t h i s g e n e r a l r u l e b e i n g i n the case o f the 
f e s t o o n cross-bedded x i n i t s w h i c h have one d i p component p a r a l l e l t o the 
a x i s o f t h e u n i t and hence the c u r r e n t d i r e c t i o n . I n view o f the c h a r a c t e r 
o f t h e environment p o s t u l a t e d f o r the f o r m a t i o n o f the cross-bedding w i t h 
i t s streams o f v a r i a b l e d i r e c t i o n and p r o b a b l y meandering n a t u r e , em 
a n a l y s i s o f c r o s s - b e d d i n g d i r e c t i o n s s h o u l d be c h a r a c t e r i z e d by a more 
o r l e s s random s c a t t e r w i t h l i t t l e o r no d i r e c t i n d i c a t i o n o f t h e d i r -
e c t i o n o f t h e sediment source. Reference t o the Schmidt rose diagram 
( F i g . ^7)* w h i c h t a k e s i n t o c o n s i d e r a t i o n the 258 a c c u r a t e l y measurable 
c r o s s - b e d d i n g u n i t d i r e c t i o n s a v a i l a b l e i n the area s t u d i e d i n d e t a i l , 
i l l u s t r a t e s t h a t t h i s i s the case, t h e r e b e i n g o n l y a f a i n t i n d i c a t i o n o f 
a peak i n a s o u t h - s o u t h - e a s t d i r e c t i o n i n d i c a t i v e o f a n o r t h - n o r t h - w e s t 
source f o r t h e sediments; i t might be mentioned t h a t r e g i o n a l l i t h o l o g i c a l 
v a r i a t i o n s and t h e o v e r a l l wedging out o f the sediments on the A s k r i g g 
B l o c k a l s o i n d i c a t e such a n o r t h - n o r t h - w e s t d e r i v a t i o n , hoivever. A sep-
a r a t e a n a l y s i s ( F i g . 48) o f the cross-bedding measurements from a s e c t i o n 
o f t h e contemporaneous "ch a n n e l " i n the B o l l i h o p e v a l l e y , Weardale, where 
t h e " c h a n n e l " course can be shown t o r u n from e a s t - n o r t h - e a s t t o west-south-
west ( P l a t e I I I ) , c l e a r l y i l l u s t r a t e s the f o r m a t i o n o f cross-bedding a t 
r i g h t a ngles t o t h e o v e r a l l c u r r e n t f l o w . Thus, the cross-bedding i s not 
a c l e a r - c u t d i r e c t i n d i c a t o r o f the r e g i o n a l sediment source s i n c e i t s 
f o r m a t i o n was c o n t r o l l e d by l o c a l phenomena. 
I n a d d i t i o n t o t h e c r o s s - b e d d i n g d e s c r i b e d above, t h e r e i s a v e r y 
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F i g . 47, Schmidt rose diagram based on 258 cross-bedding u n i t d i p 
d i r e c t i o n s f r o m the Great Cyclothem sandstones o f the A l s t o n 
B l o c k . The c l a s s i n t e r v a l i s 10 degrees and each u n i t l e n g t h 
r e p r e s e n t s a s i n g l e o b s e r v a t i o n . 
N 
1 r 1 / 
1 / > 
F i g . 48. Schmidt rose diagram based on 79 cross-bedding u n i t d i p 
d i r e c t i o n s from a s e c t i o n o f the contemporaneous "channel" 
sandstone i n the B o l l i h o p e v a l l e y , o f f Weardale. P l o t t e d 
as F i g . 47. 
much l a r g e r s c a l e f o r m w h i c h i s of l i m i t e d occurrence. T h i s form has 
a l r e a d y been d e s c r i b e d i n Chapter I V and i s i l l u s t r a t e d i n F i g . 26, I t 
i s r e s t r i c t e d t o the wsishout-channels and c o n s i s t s o f wedges o f i n t e r -
bedded sand and s i l t w i t h an i n c l i n a t i o n p a r a l l e l t o the edges o f the 
channels and a d i p i n t o t h e c e n t r e o f them; t h e i n d i v i d u a l l e n s e s o f 
sand are g e n e r a l l y cross-bedded themselves on a s m a l l s c a l e s i m i l a r t o 
t h a t d e s c r i b e d above. T h i s l a r g e s c a l e wedge or cross-bedding would 
appear t o owe i t s f o r m a t i o n t o the i n t e r m i t t e n t d e p o s i t i o n o f stresiks 
o f sand and s i l t on one s i d e o f each deeply t r e n c h e d washout-channel w h i l s t 
th e o t h e r s i d e was b e i n g eroded d u r i n g l a t e r a l m i g r a t i o n , the e r o s i o n s i d e 
b e i n g e v e n t u a l l y plugged w i t h a mass o f sand when the e r o s i v e power was 
l o s t . Thus, t h e l a r g e s c a l e c r o s s - b e d d i n g i s r e l a t e d t o the s m a l l s c a l e 
t y p e i n i t s mode o f f o r m a t i o n , b o t h b e i n g formed i n channels o f v a r y i n g 
s i z e more o r l e s s a t r i g h t a ngles t o the c u r r e n t f l o w . 
Ripple-Marks 
I n the sandstones o f the Great Cyclothem r i p p l e - m a r k s are n o t as 
prominent as c r o s s - b e d d i n g , but t h e y are p r o b a b l y as abundaint i f not more 
so. They t e n d t o occur most commonly i n the lower p a r t s of the sheet sand-
s t o n e s and a r e even abundant i n the l o w e s t s h a l y p a r t s ; i n f a c t , i n t h e i r 
l o w e r p a r t s t h e sheet sandstones can o f t e n be d e s c r i b e d as " r i p p l e s t o n e s " 
because o f the p r o f u s i o n o f r i p p l e s . However, r i p p l e s - m a r k s do a l s o occur 
i n t h e upper p a r t s o f the sheet sandstones as w e l l as i n v a r i o u s p a r t s o f 
the contemporaneous " c h a n n e l " and washout-channel sandstones, t h e r e b e i n g 
a f a i r l y common i n t i m a t e a s s o c i a t i o n w i t h cross-bedding. Despite t h e i r 
abundance, r i p p l e - m a r k s eire o n l y r a r e l y w e l l exposed i n s i t u , except p e r -
haps t h e i n t e r f e r e n c e t y p e (see b e l o w ) , and they a r e u s u a l l y best seen on 
the s u r f a c e s o f b l o c k s detached from the p a r e n t o u t c r o p s . O b v i o u s l y , such 
a s i t u a t i o n markedly d e t r a c t s from the use o f t h e r i p p l e - m a r k s as c u r r e n t 
d i r e c t i o n i n d i c a t o r s because o f t h e i m p o s s i b i l i t y o f measuring the r e q u i r e d 
o r i e n t a t i o n i n most cases. 
Three d i f f e r e n t t y p e s o f r i p p l e - m a r k s have been re c o g n i z e d i n the 
sandstones; these are the a s y m m e t r i c a l t y p e , the symmetrical type and t h e 
i n t e r f e r e n c e t y p e . A l t h o u g h i t i s p o s s i b l e t o c l a s s i f y the t h r e e d i f f e r e n t 
t y p e s as above, t h e r e appears t o be g r a d a t i o n s between them, p a r t i c u l a r l y 
between t h e a s y m m e t r i c a l and s y m m e t r i c a l forms. Because o f t h i s i t i s 
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sometimes necessary t o make a v e r y c a r e f u l examination o f the r i p p l e s 
b e f o r e i t i s p o s s i b l e t o c l a s s i f y them s p e c i f i c a l l y . I n s p i t e of t h e r e 
b e i n g d i f f e r e n t types o f r i p p l e s developed, t h e r e i s no apparent o r d e r 
t o t h e i r d i s t r i b u t i o n , t h i s b e i n g q u i t e a r b i t r a r y . 
Of t h e two d i s t i n c t and g e n e r a l l y c l e a r - c u t t y p e s , t h a t i s t o say, 
the a s y m m e t r i c a l and s y m m e t r i c a l forms, asymmetrical r i p p l e s are the most 
common, b u t , as p o i n t e d out above, t h e y are o n l y o c c a s i o n a l l y exposed i n 
s i t u . I n f a c t , i f the number o f observed occurrences o f them i n s i t u 
were t a k e n as an i n d i c a t i o n o f t h e i r abundance they would be regarded as 
r a r e . The f i n d i n g o f such r i p p l e s i n detached sandstone b l o c k s m o d i f i e s 
t h i s assessment, b u t , n e v e r t h e l e s s , asymmetrical r i p p l e s are by no means 
v e r y common. I n plsm t h e r i p p l e s appear as a number o f e s s e n t i a l l y p ar-
a l l e l , more o r l e s s e q u i d i s t a n t r i d g e s ( t h e r i p p l e c r e s t s ) t r e n d i n g i n 
s t r a i g h t o r g e n t l y c u r v e d l i n e s . The wavelength, t h a t i s t o say, the 
d i s t a n c e between each r i p p l e c r e s t , n o r m a l l y v a r i e s between 1 ^ inc h e s and 
4 i n c h e s w i t h an average around 2 i n c h e s t o 5 i n c h e s . I n cross s e c t i o n 
t h e r i p p l e s are a s y m m e t r i c a l , as the name suggests, w i t h an amp l i t u d e o f 
around -J i n c h o r l e s s . The above f e a t u r e s are i l l u s t r a t e d i n F i g . 49 
w h i c h a c t u a l l y shows t h e r i p p l e s i n s i t u . I n the i d e s i l cases the asymm-
e t r y o f t h e r i p p l e s i s marked, t h e r e b e i n g d i s t i n c t g e n t l e and steep slopes 
developed; however, as mentioned above, i n some cases t h e r e does appear t o 
be a g r a d a t i o n between the asymmetrical type and the symmetrical type o f 
r i p p l e so t h a t the asymmetry i s n o t always marked. The asymmetrical type 
o f r i p p l e i s known t o be produced by a c u r r e n t o f a i r or water f l o w i n g 
over sandy materisG. a t a c r i t i c a l v e l o c i t y , the g e n t l e slope o f each r i p p l e 
b e i n g formed on t h e up - c v i r r e n t s i d e w h i l s t the steep slope i s formed on 
the l e e - w a r d s i d e . Thus, the r e s u l t i n g r i p p l e c r e s t s t r e n d a t r i g h t angles 
t o t h e p r o d u c i n g c u r r e n t and, t h e r e f o r e , t h e i r o r i e n t a t i o n can be used f o r 
deducing t h e d i r e c t i o n o f c u r r e n t f l o w . The few exposures o f asymmetrical 
r i p p l e s w h i c h are s u i t a b l e f o r measuring t h e i r o r i e n t a t i o n i n d i c a t e a 
range between n o r t h - e a s t and n o r t h - w e s t f o r t h e o r i g i n o f the c u r r e n t . I t 
i s o f i n t e r e s t t o note t h a t t h i s range embraces and t h e r e f o r e c o n f i r m s 
t h e f a i n t l y i n d i c a t e d n o r t h - n o r t h - w e s t c u r r e n t source d e r i v e d from a study 
o f the cr o s s - b e d d i n g . 
Symmetrical r i p p l e s have o n l y o c c a s i o n a l l y been seen i n s i t u , b u t 
t h e y do occur i n detached b l o c k s ( F i g . 50) somewhat more commonly. How-
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F i g . 49. Asymmetrical r i p p l e s i n s i t u ; High Coal S i l l , B r o p e r y g i l l 
S i k e , F l u s h i e Mere, Teesdeile. 
F i g , 50. Normal-sized symmetrical r i p p l e s i n a detached block; 
Parson Byers Quarry, near Stanhope. 
e v e r , t h e y a r e c e r t a i n l y much l e s s common o v e r a l l t h a n the asymmetrical 
t y p e o f r i p p l e . I n p l a n t h e y appear s i m i l a r t o the asymmetrical r i p p l e s 
and t h e y are g e n e r a l l y s i m i l a r i n s i z e w i t h a 2 i n c h t o 3 i n c h wavelength 
and an a m p l i t u d e o f around ^ i n c h o r l e s s ( F i g . 50). A l a r g e r form w i t h 
a w a v e l e n g t h o f a p p r o x i m a t e l y 1 f o o t 6 i n c h e s and an amplitude o f 2 inches 
t o 2-J i n c h e s has been r e c o g n i z e d , however, i n detached b l o c k s a t one l o c a l -
i t y ( F i g . 51). I n c r o s s s e c t i o n the r i p p l e s are o b v i o u s l y s y m m e t r i c a l , but 
th e y have b r o a d c r e s t s ( F i g . 50) r a t h e r than t h e sharp c r e s t s which are a 
normal c h a r a c t e r i s t i c of wave generated or o s c i l l a t i o n r i p p l e marks. Never-
t h e l e s s , t h e y p r o b a b l y owe t h e i r f o r m a t i o n t o the t o - a n d - f r o movement o f a 
s t a n d i n g body o f water a g i t a t e d by waves r a t h e r than t o c u r r e n t a c t i o n s . 
The few s y m m e t r i c a l r i p p l e s observed i n s i t u have an o r i e n t a t i o n remge 
s i m i l a r t o t h a t o f the a s y m m e t r i c a l r i p p l e s . 
I n t e r f e r e n c e r i p p l e s are by f a r t h e most common of the t h r e e types 
and t h e y a r e f r e q u e n t l y seen i n s i t u ( F i g . 52) or i n detached b l o c k s . 
T h i s t y p e o f r i p p l i n g i s p a r t i c u l a r l y common i n the low e r p a r t s o f the 
sheet sandstones v/here a c o n s i d e r a b l e t h i c l m e s s o f the r o c k i s f r e q u e n t l y 
r i p p l e d smd as a r e s u l t i s o f t e n q u i t e f r i a b l e ; such r i p p l i n g does occur 
i n v a r i o u s o t h e r s i t u a t i o n s as w e l l , however. I n t e r f e r e n c e r i p p l i n g 
i m p a r t s a t y p i c a l " c u r l y b edding" t o the sandstones v/hich i s p e i r t i c u l a r l y 
o bvious i n c r o s s s e c t i o n ; a n o t h e r name which t h e i n t e r f e r e n c e r i p p l e s have 
a c q u i r e d i s " t a d p o l e n e s t s " , presumably from the numerous separate s m a l l 
h o l l o w s ( F i g , 52) which t h e sandstone c o n t a i n s when r i p p l e d i n such a 
manner. I n t e r f e r e n c e i l p p l e s were almost c e r t a i n l y produced i n some i n -
s t a n c e s by the s u p e r i m p o s i t i o n o f a t l e a s t two s e t s of r i p p l e s w i t h d i f f -
e r e n t t r e n d s , presimiably i n a s i t u a t i o n where the c o n d i t i o n s and hence the 
c u r r e n t s v a r i e d c o n s i d e r a b l y . I n a d d i t i o n , i t may be t h a t i n some cases 
d i s t i n c t a s j r a m e t r i c a l and s y m m e t r i c a l r i p p l e s were never formed due t o 
r a p i d f l u c t u a t i o n s i n the p r o d u c i n g agent, such as would be experienced 
i n a zone o f b r e a k e r s where v o r t i c e s and s u c h - l i k e phenomena v/ould be 
p r e v a l e n t c a u s i n g the sandy m a t e r i a l t o take up.the form of i n t e r f e r e n c e 
r i p p l e s . I t v;ould a l s o seem l i k e l y t h a t the simple p a r t i a l d e s t r u c t i o n 
o f a s y m m e t r i c a l or s y m m e t r i c a l r i p p l e s by subsequent c u r r e n t a c t i v i t y o u t -
s i d e t h e c r i t i c a l v e l o c i t y f o r r i p p l e f o r m a t i o n c o u l d g i v e r i s e t o i n t e r -
f e r e n c e r i p p l e s . From the above i t can be seen t h a t the i n t e r f e r e n c e type 
o f r i p p l e s a r e o f no use whatsoever as c u r r e n t d i r e c t i o n i n d i c a t o r s , 
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F i g . 51. L a r g e - s c a l e symmetrical r i p p l e s i n a detached block; 
Parson Byers Quarry, near Stanhope. 
F i g . 52. I n t e r f e r e n c e r i p p l e s i n s i t u ; High Coal S i l l , C l a y p i t Burn 
t r i b u t a r y , Swinhope, Weardale. 
Thus, o v e r a l l t h e r i p p l e - m a r k s w i t h i n t h e sandy sediments o f the Great 
Cyclothem a r e o f v e r y l i m i t e d use as c u r r e n t d i r e c t i o n i n d i c a t o r s , p a r t l y 
because o f t h e l i m i t e d exposure o f the most u s e f u l r i p p l e t y p e , and p a r t l y 
because o f t h e predominance o f i n t e r f e r e n c e r i p p l e s w hich eire u seless as 
c u r r e n t d i r e c t i o n i n d i c a t o r s . From a g e n e r a l e n v i r o n m e n t a l p o i n t o f view 
t h e asymmetric r i p p l e s c o u l d be produced i n b o t h a i r and v/ater c u r r e n t s 
o f the c r i t i c a l v e l o c i t y . Hoiirever, i t i s d o u b t f u l i f the a e o l i a n type 
would be p r e s e r v e d so t h a t t h e r i p p l e s must i n d i c a t e a sub-aqueous e n v i r -
onment w h i c h i s c o n f i r m e d by the a s s o c i a t i o n w i t h the o t h e r t y p e o f r i p p l e s 
w h i c h are undoubtedly formed i n an aqueous environment. Many o f the r i p p l e 
f e a t u r e s can be c l o s e l y p a r a l l e l e d on modern c o a s t a l f l a t s which are under 
t i d a l i n f l u e n c e ; some a r e a l s o v i s i b l e i n s h a l l o w sandy bottomed streams. 
These a n a l o g i e s g i v e an i m p o r t a n t guide t o the environment which p r e v a i l e d 
d u r i n g t h e main p e r i o d o f r i p p l e f o r m a t i o n , t h a t i s t o say, w h i l s t t h e low-
e r p a r t s o f t h e sheet sandstones were b e i n g formed. The environment e n v i s -
aged c o n s i s t s o f an e x t e n s i v e d e l t a i c c o a s t a l f l a t which was under t i d a l 
i n f l u e n c e and i n t e r m i t t e n t l y crossed by s h a l l o w streams. Such an e n v i r o n -
ment f i t s i n w e l l w i t h t h a t i n which i t i s con s i d e r e d most o f the c r o s s -
b e d d i n g i n the sandstones was formed s i n c e a t any one time the c o a s t a l 
f l a t under t i d a l i n f l u e n c e would be a t the seaward e x t r e m i t y o f a f l u v -
i a l l y i n f l u e n c e d f l a t l o w - l y i n g c o a s t a l p l a i n , t h e l a t t e r e v e n t u a l l y t r a n s -
g r e s s i n g upon the former as d e l t a i c c o n d i t i o n s advanced seawards, thus 
a c c o u n t i n g f o r the r i p p l e - m a r k s o c c u r r i n g i n the low e r p a r t s o f the sheet 
sandstones w i t h c r o s s - b e d d i n g b e i n g predominant i n the o v e r l y i n g beds i n 
the m i d d l e o f the sheet sandstones. The l a t e r s p o r a d i c f o r m a t i o n o f r i p p l e -
marks and hence t h e i r a s s o c i a t i o n w i t h cross-bedding i s not s u r p r i s i n g 
s i n c e -no doubt c o n d i t i o n s s u i t a b l e f o r the f o r m a t i o n o f r i p p l e s p r e v a i l e d 
a t . l e a s t l o c a l l y i n t h e environment where cross-bedding v/as pr e d o m i n a n t l y 
formed. 
OTHER STRUCTURES 
I n t r o d u c t i o n 
Of t h e r e m a i n i n g s t r u c t u r e s d i s c o v e r e d , l o a d - c a s t s , slumping and 
s t y l o l i t e s a r e b e s t seen i n bor e h o l e c o r e s , a l t h o u g h they are u s u a l l y 
o b s e r v a b l e a t o u t c r o p t o a g r e a t e r o r l e s s e x t e n t a l s o . Animal t r a c e s , 
graded b e d d i n g and nodules are g e n e r a l l y more c l e a r l y e x h i b i t e d a t o u t -
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c r o p , a l t h o u g h t h e y a r e u s u a l l y d i s c e r n i b l e i n borehole cores t o o . Only 
t h e n o d u l e s i n t h e s h a l e s , the s t y l o l i t e s i n the b a s a l l i m e s t o n e and per-
haps t h e an i m a l t r a c e s i n t h e sandstones are p a r t i c u l a r l y common, the 
o t h e r s b e i n g d i s t i n c t l y s u b s i d i a r y . Of the s t r u c t u r e s , l o a d - c a s t s and 
sl u m p i n g have been found u s e f u l as d i r e c t i o n i n d i c a t o r s i n o t h e r s i t u a -
t i o n s , b u t those i n t h e Great Cyclothem are o f no use i n t h i s c o n t e x t . 
However, a l l t h e s t r u c t u r e s have c e r t a i n i m p l i c a t i o n s which w i l l be sys-
t e m a t i c a l l y d i s c u s s e d below, 
Load-Casts 
These s t r u c t u r e s a r e b e s t developed i n the lower p a r t s o f t h e sheet 
sandstones where t h e l a t t e r a r e s h a l y , the best l o a d - c a s t s o c c u r r i n g 
a l o n g sandstone-shale c o n t a c t s ; l o a d - c a s t s do occur i n o t h e r p a r t s o f 
the sandstones where a s h a l y c h a r a c t e r i s developed, however. As mentioned 
p r e v i o u s l y , t h e s t r u c t u r e s are bes t e x h i b i t e d i n borehole cores, b u t they 
have been r e c o r d e d i n the f i e l d a l s o ; n e v e r t h e l e s s , i t can n o t be claimed 
t h a t t h e y a r e p a r t i c u l a r l y obvious o r common. The l o a d - c a s t s appear as 
mushroom-shaped p e n e t r a t i o n s o f one l i t h o l o g y i n t o the o t h e r , the s i z e 
b e i n g o f the o r d e r o f 1 i n c h l a t e r a l l y and v e r t i c a l l y . The s t r u c t u r e s 
a r e an example o f s o f t sediment d e f o r m a t i o n and a r i s e from the mechanical 
p r o t r u s i o n o f one l i t h o l o g y i n t o t h e o t h e r p r i o r t o l i t h i f i c a t i o n , the 
process presumably b e i n g a c t i v a t e d by the l o a d o f superincumbent s t r a t a . 
Slump S t r u c t u r e s 
Slump s t r u c t u r e s have n o t been found very commonly; when ipresent 
t h e y a r e c o n f i n e d t o t h e sandstone beds and u s u a l l y t o the b a s a l p a r t s 
o f the sheet sandstones, a l t h o u g h n ot i n v a r i a b l y . Borehole cores e x h i b i t 
t h e o c c a s i o n a l slump s t r u c t u r e s b e s t and they have o n l y been noted r a r e l y 
a t o u t c r o p ; t h e l a t t e r f a c t does n o t n e c e s s a r i l y preclude the s t r u c t u r e s 
f r o m b e i n g more common than would appear s i n c e t h e i r c h a r a c t e r i s n o t one 
whi c h makes them easy t o re c o g n i z e a t o u t c r o p . The most d i s t i n c t form o f 
slump s t r u c t u r e observed i s a ty p e which has a p p r o x i m a t e l y the shape o f a 
b a l l , up t o 1 f o o t d i a m e t e r , t h e i n t e r n a l s t r u c t u r e b e i n g d e f i n e d by con-
t o r t e d carbonaceous o r s h a l y l a y e r s o f v a r y i n g i n t e n s i t y . These are named 
b a l l slump s t r u c t u r e s and p r o b a b l y owe t h e i r f o r m a t i o n t o the l o c a l p i l i n g 
up o f sediment i n t o an u n s t a b l e p o s i t i o n which f i n a l l y c o l l a p s e d and a t t -
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a i n e d a more s t a b l e p o s i t i o n by r o l l i n g i n t o a b a l l . T h i s type o f 
sl u m p i n g i s p r o b a b l y a l o c a l f e a t u r e caused by the above process sind 
n o t due t o t h e o v e r a l l s l o pe o f the s e d i m e n t a t i o n s u r f a c e b e i n g s t e e p ; 
i f the l a t t e r were the cause the s t r u c t u r e s would be much more common 
tha n they appear t o be. The d i s t u r b e d bedding which i s a l s o o c c a s i o n a l l y 
seen i n zones up t o 1 f o o t t h i c k c o u l d a l s o be r e l a t e d t o minor slumping. 
However, i t s mode o f f o r m a t i o n c o u l d a l s o be a t t r i b u t e d t o animal a c t i v i t y 
o r t o d e p o s i t i o n on su b s e q u e n t l y compacted pleint d e b r i s or t o mechanical 
d i s t o r t i o n b e f o r e l i t h i f i c a t i o n i nduced by the w e i g h t o f superincumbent 
s t r a t a . I n f a c t , a l l the processes c o u l d have been e f f e c t i v e a l t h o u g h the 
l a c k o f p l e m t remains i n a s s a c i a t i o n w i t h the d i s t u r b e d bedding does n o t 
s u p p o r t such a d e r i v a t i o n , whereas the presence o f animal t r a c e s does l e n d 
some s u p p o r t t o t h a t mode o f o r i g i n . 
Graded Bedding 
Graded bedding i n the g e n e r a l l y accepted sense i s n o t a common f e a t -
ure o f t h e sandstones, t o which i t i s r e s t r i c t e d i f p r e s e n t . T h i s i s not 
s u r p r i s i n g i n view o f the o r t h o q u a r t z i t i c n a t u r e o f the sandstones, graded 
b e d d i n g b e i n g a more normal f e a t u r e o f greywack^s. That which occurs 
o b v i o u s l y i s i n v e r y s m a l l u n i t s which are o n l y o f l o c a l e x t e n t and no 
more thsin a few i n c h e s t h i c k . I t has been not e d i n the sheet sandstones 
o c c a s i o n a l l y , b u t i s more common i n the coarser p a r t s o f the washout-
channel seindstones where a v e r y coarse g r a i n e d f r a c t i o n forms t h e base 
o f the u i i i t s w h ich g r a d u a l l y decrease i n g r a i n s i z e upwards. Such u n i t s 
eilmost c e r t a i n l y owe t h e i r f o r m a t i o n t o a winnowing a c t i o n r a t h e r than t o 
d i r e c t d e p o s i t i o n i n a graded sequence. 
Another form o f graded bedding on a l a r g e s c a l e i s t h a t i n v o l v e d i n 
the g r a d a t i o n upweirds o f t h e sheet and contemporaneous "channel" sandstones 
f r o m t h e u n d e r l y i n g s h a l e s . T h i s i s a r e v e r s e d form o f the normal type o f 
graded b e d d i n g s i n c e i t i n v o l v e s a g r a d a t i o n up from t h e f i n e r g r a i n e d 
s h a l e t o t h e coars e r g r a i n e d sandstone. On the o t h e r hand, the washout-
channel sandstones e x h i b i t a normal type o f graded bedding on a l a r g e s c a l e . 
I n t h e f o r m e r case the d e r i v a t i o n i s a t t r i b u t a b l e t o ah i n c r e a s e i n the 
c a r r y i n g c a p a c i t y or s t r e n g t h of t h e sediment t r a n s p o r t i n g agent, whereas 
the r e v e r s e i s o b v i o u s l y so f o r the washout-channel sandstones. 
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Animal Traces 
L i k e a number o f t h e o t h e r s t r u c t u r e s , the t r a c e s o f animal a c t i v i t y 
i n t h e form o f c a s t i n g s , t r a i l s auid b o r i n g s are most abundant i n the lower 
p a r t s o f t h e sheet sandstones; they do occur i n o t h e r p a r t s o f t h e sand-
st o n e s o c c a s i o n a l l y , however, b u t are by no means common g e n e r a l l y , Never-
t h e l e s s , on the A s k r i g g Block i n the area t o the n o r t h o f Dale Head i n 
A r k e n g a r t h d a l e , and t o t h e south-west o f Bowes, the VJhite Hazle e q u i v a l e n t 
c o n t a i n s s o - c a l l e d " a n n e l i d t r a c k s " (named f u c o i d markings by Dakyns e t 
a l . , 1891) i n p r o f u s i o n , t h u s g i v i n g r i s e t o the term "wormy g r i t s " . The 
t r a c e s most commonly seen are c a s t i n g s and t r a i l s , b o r i n g s o n l y b e i n g 
f o u n d o c c a s i o n a l l y . I n g e n e r a l t h e c a s t i n g s and t r a i l s are e x h i b i t e d best 
i n l o o s e b l o c k s o f sandstone, but they have been noted i n s i t u i n a number 
o f cases. 
C a s t i n g s , which are formed o f m a t e r i a l which has appairently passed 
t h r o u g h t h e g u t o f an a n i m a l , aire o f t e n c h a r a c t e r i z e d by the l i t h o l o g y 
i n which t h e y are p r e s e r v e d b e i n g p a l e r than the h o s t m a t e r i a l , p a r t i c -
u l a r l y i n d a r k r i c h l y o r g a n i c sediment, because o f the animal h a v i n g 
removed t h e o r g a n i c m a t t e r from i t as f o o d . By f a r the most common 
c a s t i n g i s t h a t known as Crossopodia. This appeeirs as a sinous smd e l o n -
gate f l a t t e n e d r i d g e whose ends are r a r e l y seen; i n cross s e c t i o n i t i s 
o f t h e o r d e r o f 10 mm. t o 20 mm. wide suid 5 mm. t h i c k . I n d e t a i l the 
f l a t t e n e d r i d g e o f t e n has a s u b s i d i a r y medicin r i d g e ailong i t s l e n g t h , and 
f a i n t t r a n s v e r s e s t r i a e d i v i d i n g i t up i n t o s h o r t l e n g t h s o f 1 mm. or so 
are g e n e r a l l y p r e s e n t a l s o . Any one such c a s t i n g i s g e n e r a l l y c o n f i n e d 
t o t h e same bedding p l a n e . Another type o f c a s t i n g o c c a s i o n a l l y seen on 
bedding p l a n e s i s a simple sinuous c y l i n d r i c a l ( o c c a s i o n a l l y somewhat o v a l 
because o f f l a t t e n i n g due t o compaction) form w i t h a diameter o f around 
5 mm.; t h e ends o f t h i s c a s t i n g have n o t been observed. A d i s t i n c t l y seg-
mented c a s t i n g has a l s o been found but i t i s o n l y o f r a r e occurrence; t h i s 
f orm i s made up o f an o v e r l a p p i n g l i n k e d s e r i e s o f s l i g h t l y e l ongate dome 
shaped prominences each w i t h a l e n g t h o f around 10 mm., a w i d t h o f 8 mm. 
and a maximum h e i g h t o f 3 mm. t o 4 mm. I t occurs on bedding planes but 
i s n o t found s u f f i c i e n t l y o f t e n t o determine i t s degree o f c o n t i n u i t y . 
The a c t u a l t r a i l s p r e s e n t i n the r o c k s are g e n e r a l l y seen as c a s t s 
on t h e s o l e of t h e o v e r l y i n g l a y e r i n b l o c k s broken away from the p a r e n t 
o u t c r o p ; t h e t r a i l s a r e , t h e r e f o r e , groove t r a i l s , but are best seen i n 
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r e l i e f . By f a r the most common t r a i l sole-mark i n the sandstones c o n s i s t s 
o f numerous s e p a r a t e r i d g e s o f v a r i a b l e s i z e w i t h a i-d.dth between 1 mm. 
and 10 mm., a h e i g h t o f 2 mm. t o 5 mm. and a l e n g t h r a n g i n g from a few 
c e n t i m e t r e s t o a t l e a s t 1 f o o t ; i n f a c t , the w i d t h o f an i n d i v i d u a l t r a i l 
sometimes v a r i e s c o n s i d e r a b l y and where the t r a i l s d i e out they do so by 
n a r r o w i n g and s h a l l o i v i n g . The i n d i v i d u a l t r a i l s are o f t e n s t r a i g h t o r 
o n l y s l i g h t l y c urved, b u t th e y have a random o r i e n t a t i o n and are g e n e r a l l y 
s c a t t e r e d i n p r o f u s i o n over the bedding p l a n e s , a d j a c e n t t r a i l s t o u c h i n g 
o r c r o s s i n g . No ornament o f any k i n d i s v i s i b l e on the ca s t s o f the t r a i l s . 
B o r i n g s have o n l y o c c a s i o n a l l y been r e c o g n i z e d , b u t th e y c o u l d be more 
common t h a n i s apparent because they are n o t e a s i l y l o c a t e d . Those b o r i n g s 
seen are around 10 mm. i n diameter and a t l e a s t 10 cm. l o n g . U s u a l l y they 
are v e r t i c a l o r o n l y s l i g h t l y i n c l i n e d and the laminae w i t h i n the sandstone 
c o n t a i n i n g them are g e n e r a l l y downwarped somewhat i m m e d i a t e l y a d j a c e n t t o 
th e b o r i n g s . 
The s i g n i f i c a n c e o f the v a r i o u s c a s t i n g s , t r a i l s and b o r i n g s i s some-
what tenuous s i n c e t h e r e i s no a b s o l u t e l y c r i t i c a l evidence as t o the type 
o f a n i m a l s which formed them, and i n c e r t a i n cases t h e r e i s some q u e s t i o n 
as t o whether they have an o r g a n i c a s s o c i a t i o n a t a l l . However, the cas-
t i n g s , t r a i l s and b o r i n g s are f r e q u e n t l y r e f e r r e d t o c o l l o q u i a l l y as "ann-
e l i d o r worm t r a c k s and b o r i n g s " and, i n f a c t , t h e r e i s no evidence a g a i n s t 
f o r m a t i o n by worms, sQ.though i t muist be a d m i t t e d t h a t t h e r e i s no c r i t i c a l 
e vidence s u p p o r t i n g such a d e r i v a t i o n e i t h e r . N e v e r t h e l e s s , the t o t a l 
absence o f any f o s s i l remains i n t i m a t e l y a s s o c i a t e d w i t h the t r a c e s does 
suggest f o r m a t i o n by s o f t b o d i e d organisms such as worms; t h i s i s p a r t i c -
u l a r l y so i n t h e case o f the c a s t i n g s which are comparable t o some e x t e n t 
w i t h worm t r a c k s observable on modern beaches. There i s a p o s s i b i l i t y 
t h a t t h e supposed t r a i l s do n o t have an o r g a n i c o r i g i n s i n ce they c o u l d 
r e p r e s e n t r o l l e d a c c u m ulations o f sand and m u c i l a g i n o u s m a t e r i a l such as 
are seen on modern beaches. However, the p r e f e r r e d o r i e n t a t i o n v/hich 
m i g h t be expected i n such circumstemces i s n o t a f e a t u r e of the t r e i i l s 
w h i c h are randomly o r i e n t a t e d , as d e s c r i b e d above. Furthermore, the 
f r e q u e n t a s s o c i a t i o n o f the t r a i l s w i t h bedding planes c o n t a i n i n g a l a y e r 
o f dark carbonaceous m a t e r i a l i s s u g g e s t i v e o f d e r i v a t i o n by animal a c t i v -
i t y , t h e o r g a n i c m a t e r i a l h a v i n g p r o v i d e d a source o f food o r i g i n a l l y . 
Thus, the t r a i l s c o u l d have been formed by browsing animals such as gas-
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t r o p o d s emd l a m e l l i b r a n c h s ; however, the t o t a l absence o f gastropod 
and l a m e l l i b r a n c h s h e l l s i n most o f the sandstones does not support such 
a p o s t u l a t e . A p a r t from an o r i g i n due t o animal a c t i v i t y , the s o - c a l l e d 
b o r i n g s c o u l d be v a r i o u s l y a s c r i b e d t o r a i n p i t t i n g , ascending a i r bubbles 
and a s c e n d i n g water c u r r e n t s . Thus, i t must be a d m i t t e d t h a t t h e r e i s no 
a b s o l u t e l y c r i t i c a l evidence as t o the mode o f o r i g i n o f any o f the s t r u c -
t u r e s and they may have a combined o r g a n i c and i n o r g a n i c d e r i v a t i o n ; i t 
seems undoubted t h a t some, i f n o t a l l , are o f or g a n i c o r i g i n , hoiirever. 
T h e r e f o r e , t h e o n l y r e a l l y d e f i n i t e i n d i c a t i o n t h a t the t r a c e s y i e l d 
r e g a r d i n g t h e environment i n which they were formed i s t h a t the p h y s i c a l 
c o n d i t i o n s and food s u p p l y were s u i t a b l e f o r animal l i f e . 
Hodxiles 
V a r i o u s d i f f e r e n t t y p e s and sub-types o f n o d u l a r s t r u c t u r e s are 
p r e s e n t vd.thin the d i f f e r e n t l i t h o l o g i e s c o m p r i s i n g the Great Cyclothem, 
and t h e i r d i s t r i b u t i o n has been d e a l t w i t h i n Chapters I I I and I V . 
By f a r the most common nodules are those o f i r o n s t o n e which occur i n 
th e s h a l e s and sandy s h a l e s ; n o r m a l l y such nodules are n o t developed i n 
the lower p a r t s o f the s h a l e s where t h e l a t t e r are f o s s i l i f e r o u s , b ut 
t h i s g e n e r a l r u l e i s n o t always the case. As w e l l as b e i n g p r e s e n t i n 
the s h a l y beds r e f e r r e d t o above, t h a t i s t o say, those u n d e r l y i n g and 
g r a d i n g up i n t o or r e p r e s e n t i n g the sheet sandstones, i r o n s t o n e nodules 
are a l s o foxmd i n the s h a l y upper p a r t s o f the m a t e r i a l i n f i l l i n g t h e 
washout-channels. The r e g i o n a l d i s t r i b u t i o n w i t h i n a l l o f these beds 
appeeirs t o be q u i t e a r b i t r a r y s i n c e nodules may be prese n t i n abundance 
a t one l o c a l i t y and be absent a t an o t h e r . The nodiQes are hard and stand 
o u t from t h e s u r f a c e o f any o u t c r o p where they can f r e q u e n t l y be seen t o 
l i e i n bands; i n f a c t , t h e i r o n s t o n e m a t e r i a l i t s e l f may form bands or 
l e n s e s i n p l a c e s . I n form the nodules may be rounded or n e a r l y so, b u t 
more o f t e n t h e y are e l o n g a t e and f l a t t e n e d t o a g r e a t e r or l e s s e x t e n t ; 
i n a d d i t i o n , t hey may have a somewhat i r r e g u l a r o u t l i n e because o f round-
ed u n d i x l a t i o n s on t h e s u r f a c e o f them. Some p e c u l i a r shapes are a l s o 
developed such as the b e l l - s h a p e d nodules, l o c a l l y known as "cat-heads", 
f r o m the s h a l e i m m e d i a t e l y above the Great Limestone i n the area t o the 
n o r t h o f A l s t o n . The nodules v a r y i n s i z e c o n s i d e r a b l y and may be o n l y 
a f r a c t i o n o f an i n c h i n diameter or a t l e a s t 1 f o o t i n diameter. I n 
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c o m p o s i t i o n t h e y are b a s i c e i l l y made up o f s i d e r i t e and they r e p r e s e n t 
a g g r e g a t i o n s o f i r o n carbonate subsequent t o the f o r m a t i o n o f the shale 
c o n t a i n i n g them s i n c e t h e remnant bedding o f the sheile p assing s t r a i g h t 
t h r o u g h them Ccin be made out i n a number o f cases, p a r t i c u l a r l y on p o l -
i s h e d s u r f a c e s . Many o f t h e nodules are t o t a l l y composed o f s i d e r i t e , but 
q u i t e a number c o n t a i n p y r i t e e i t h e r i n s m a l l c l o t s , v e r y narrow v e i n l e t s 
o r i n a d i s s e m i n a t e d s t a t e ; t h e p y r i t e g e n e r a l l y comprises o n l y a s m a l l 
p r o p o r t i o n o f t h e no d u l e s , b u t i n a few cases d i s s e m i n a t e d p y r i t e has 
been found t o be abundant. O c c a s i o n a l l y t h e nodules c o n t a i n f o s s i l s where 
t h e y occur i n a s s o c i a t i o n w i t h f o s s i l i f e r o u s s h a l e , b u t where nodules are 
p r e s e n t f o s s i l s are u s u a l l y l e a s t abundant i n the s h a l e . I n some cases 
th e nodules prove t o be s e p t a r i a n amd c o n t a i n a r a d i a t i n g and c o n c e n t r i c 
s e r i e s o f c a l c i t e v e i n l e t s ; such types have been noted p a r t i c u l a r l y i n 
the r e g i o n around A l s t o n , many o f the "cat-heads" b e i n g s e p t a r i a n . The 
s i d e r i t e o f t h e nodules i s i n d i c a t i v e o f r e d u c i n g c o n d i t i o n s which may 
have been f a i r l y weak (Krumbein and G a r r e l s , 1952; Teodorovich i n C h i l i n -
g a r , 1 9 5 5 ) t p a r t i c u l a r l y where p y r i t e i s n o t a s s o c i a t e d w i t h the s i d e r i t e . 
However, such c o n d i t i o n s need n o t n e c e s s a r i l y have p r e v a i l e d d u r i n g depos-
i t i o n ; t h i s i s almost c e r t a i n l y t h e case s i n c e t h e r e d u c i n g environment i s 
more l i k e l y t o have developed w i t h i n t h e sediment a f t e r d e p o s i t i o n , perhaps 
j u s t below t h e sediment-v;ater i n t e r f a c e , due t o the presence o f o r g a n i c 
m a t t e r such as p l a n t fragments whose remains do occur commonly i n assoc-
i a t i o n w i t h t h e nodules. 
Another f o r m o f nodule which occurs i n the s h a l y beds, b u t much l e s s 
commonly t h a n the i r o n s t o n e nodules i n most cases, i s the type composed 
e n t i r e l y o f p y r i t e . . Such nodules occur w i t h much the same d i s t r i b u t i o n 
as t h e i r o n s t o n e nodules, b u t o c c a s i o n a l l y , as i n Redmires Quarry, near 
Stanhope i n Weardale, they are abundamt i n t h e f o s s i l i f e r o u s shale almost 
i m m e d i a t e l y above the Great Limestone where they c o n t a i n b e a u t i f u l l y 
p r e s e r v e d f o s s i l s . The p y r i t e nodules are r a r e l y above 3 i n c h e s i n diameter 
and a r e o f t e n smeiller t h a n t h i s . They are sometimes rounded, but more o f t e n 
are somewhat i r r e g u l a r i n shape a l t h o u g h t h e y preserve an o v e r a l l rounded 
shape. As mentioned above, the nodules are e n t i r e l y composed o f p y r i t e 
and some have c u b i c c r y s t a l f a ces developed on the o u t s i d e o f them. The 
p y r i t e i s i n d i c a t i v e o f f o r m a t i o n i n r e d u c i n g c o n d i t i o n s which may have 
been s t r o n g (Krumbein and G a r r e l s , 1952; Teodorovich i n C h i l i n g a r , 1955) • 
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C o n d i t i o n s such as t h i s p r o b a b l y p r e v a i l e d a f t e r d e p o s i t i o n due t o en-
tombed p l a n t and a n i m a l m a t e r i a l p u t r i f y i n g v / i t h i n the sediment. 
D i s c r e t e nodules o f i r o n s u l p h i d e are a l s o p r e s e n t w i t h i n the c o a l 
seams, b u t t h e y are n o t v e r y abundant except a t c e r t a i n l o c a l i t i e s such 
as Barhaugh P i t and Flow Edge, near A l s t o n , where the worked High Goal 
S i l l seam c o n t a i n s prominent n o d u l e s . N o r m a l l y t h e nodules are o n l y an 
i n c h o r so i n diameter, b u t those found around A l s t o n are q u i t e l a r g e and 
up t o a t l e a s t 6 i n c h e s i n diameter. The s m a l l nodules are u s u a l l y round-
ed, whereas t h e l a r g e r forms t e n d t o be f l a t t e n e d and disc-shaped. Exam-
i n a t i o n i n p o l i s h e d s e c t i o n o f the i r o n s u l p h i d e f o r m i n g the nodules has 
proved i t t o be p y r i t e r a t h e r than m a r c a s i t e w l i i c h i s r e p o r t e d l y ( P e t t i -
j o h n , 1957) more t y p i c a l o f the i r o n s u l p h i d e i n c o a l seams. The p y r i t e 
i s i n d i c a t i v e o f the r e d u c i n g c o n d i t i o n s which p r e v a i l e d d u r i n g the c o a l -
i f i c a t i o n process o f the p l a n t d e b r i s from which the c o a l seams are formed. 
W i t h i n the sandstones p r o p e r , nodules have o n l y been found r a r e l y amd 
these have been di s c u s s e d i n Chapters I V and V. Of v e r y r e s t r i c t e d occur-
ence are t h e s m a l l s i d e r i t e - s a n d nodules i n the upper r o o t y p a r t o f the Low 
Coal S i l l o f Snodberry Cleugh, upper Weardale; these were p r o b a b l y formed 
under m i l d r e d u c i n g c o n d i t i o n s subsequent t o the d e p o s i t i o n of the sand-
s t o n e , t h e sand g r a i n s b e i n g s u b s e q u e n t l y corroded by the carbonate. Also 
w i t h i n the Low Coal S i l l a r e t h e l a r g e f o s s i l i f e r o u s c a l c a r e o u s c o n c r e t i o n s 
o f S a l l y G r a i n and S c r e i i t h Burn i n upper Weardale; these are n o t nodules 
i n the s t r i c t sense o f t h e t e r m , b u t they are r e l a t e d phenomena. The 
c o n c r e t i o n s have been d e s c r i b e d and discussed f u l l y i n Chapters I V and V, 
and s u f f i c e i s t o mention t h a t i t seems p o s s i b l e t h a t they are the remnants 
o f a more e x t e n s i v e l e n s o r l e n s e s o f s i m i l a r m a t e r i a l which was formed 
\mder marine o r quasi-marine c o n d i t i o n s . The 1 f o o t diameter pockets o f 
c o n c e n t r a t e d l i m o n i t i c m a t e r i a l d i s c o v e r e d i n the f o s s i l i f e r o u s p a r t o f the 
t h i c k development o f t h e Lower White Hazle i n Howden Burn, B o l l i h o p e , are 
p r o b a b l y s i m i l a r developments t o the above on a . s m a l l e r s c a l e , t h e c a r b -
onate presumably h a v i n g been subsequently a l t e r e d t o l i m o n i t e . I n some 
cases t h e l i m o n i t e p ockets or b u l l i o n s are h o l l o w t o a v a r y i n g e x t e n t . 
W i t h i n t h e Great Limestone and i t s e q u i v a l e n t s s p o r a d i c occurrences 
o f c h e r t nodules have been r e c o r d e d from a number o f l o c a l i t i e s , b u t nod-
u l e s are r a r e l y common and are o f t e n t o t a l l y absent. However, i t would 
appear t h a t they are common i n the n o r t h - e a s t p a r t o f the A s k r i g g B l o c k 
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( W e l l s , 1955a and 1957) where t h e main b u l k o f the l i m e s t o n e has a s t r i k i n g 
s i l i c a c o n t e n t , shown by anal y s e s t o be as h i g h as 10 per cent ( V / e l l s , op. 
c i t . ) , a f i g u r e which i s s u r p r i s i n g l y h i g h i n view o f the f a c t t h a t s i l i c a 
i s v e r y r a r e l y seen i n t h i n s e c t i o n s . Thus, the nodules i n t h i s area 
p r o b a b l y arose due t o t h e subsequent s e g r e g a t i o n o f the s i l i c a i n t o nod-
u l e s f o l l o w i n g the p r i m a r y p r e c i p i t a t i o n o f i t i n a c r y p t o c r y s t a l l i n e 
r e l a t i o n s h i p w i t h t h e carbonate o f t h e l i m e s t o n e . The area i n the n o r t h -
east p a r t o f t h e A s k r i g g B l o c k where t h e l i m e s t o n e c o n t a i n s common c h e r t 
nodules and has an o v e r a l l r e l a t i v e l y h i g h s i l i c a c o n t e n t c o i n c i d e s vrLth 
t h a t where t h e l i m e s t o n e i s o v e r l a i n by the Main Chert; t h u s , i t would 
appear t h a t even d u r i n g d e p o s i t i o n o f the l i m e s t o n e the area was under 
t h e i n f l u e n c e o f the agent, t h a t i s t o say, t h e r i v e r c a r r y i n g s i l i c a -
l a d e n w a t e r , and t h e c o n d i t i o n s which r e s i i l t e d i n the f o r m a t i o n o f t h e 
o v e r l y i n g c h e r t . The s u b s i d i a r y b u t i n t e r e s t i n g bands o f c h e r t - d o l o m i t e 
n o d u l e s d i s c o v e r e d a t a r e a s o n a b l y c o n s t a n t h o r i z o n i n the lower p a r t o f 
t h e Great Limestone over the major p a r t o f the A l s t o n B l o c k have a l r e a d y 
been d e s c r i b e d i n d e t a i l i n Chapter I I I and i l l u s t r a t e d on F i g . 1 0 . 
S t y l o l i t e s 
As i n t h e m a j o r i t y o f l i m e s t o n e s , s t y l o l i t e s are a ubiquitotus f e a t -
u r e o f t h e Great Limestone and i t s e q u i v a l e n t s . They occur commonly 
t h r o u g h o u t t h e t h i c k n e s s o f t h e l i m e s t o n e e i t h e r s i n g l y or i n groups 
f o r m i n g a p l e x u s . They a r e b e s t e x h i b i t e d i n bor e h o l e cores, b u t can 
a l s o be e a s i l y observed a t o u t c r o p . The s t y l o l i t e s appear as z i g - z a g 
s u t u r e s w i t h s e r r a t e d t e e t h - l i k e p r o j e c t i o n s , known as keystone o f f s e t s , 
t h e p r o j e c t i o n o f one s i d e f i t t i n g i n t o sockets o f l i k e dimensions on the 
o t h e r s i d e ; t h e s t r u c t u r e s have an average am p l i t u d e o f around 1 cm., b u t 
the y can be c o n s i d e r a b l y l a r g e r o r s m a l l e r than t h i s . G e n e r a l l y the s t y l -
o l i t e s have a f i l m o f b l a c k carbonaceous s h a l y m a t e r i a l a l o n g them which 
v a r i e s i n t h i c k n e s s b u t i s r a r e l y more than 1 mm. t o 2 mm. t h i c k and o f t e n 
l e s s . Most commonly the s t y l o l i t e s l i e a p p r o x i m a t e l y h o r i z o n t a l and pa r -
a l l e l t o t h e bedding, b ut i n c l i n e d and even v e r t i c a l ones do occur reason-
a b l y o f t e n . I t i s now c e r t a i n t h a t s t y l o l i t e s are s o l u t i o n - p r e s s u r e phen-
omena and t h a t t h e i r f o r m a t i o n p o s t - d a t e s r o c k i n d u r a t i o n , as shown by 
v a r i o u s w o r k e r s such as St o c k d a l e (1926 and 19^3) and Dunnington ( 1 9 5 ^ ) . 
The e n t i r e l y d i f f e r e n t t h e o r y o f c o n t r a c t i o n - p r e s s u r e f o r m a t i o n p r i o r t o 
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r o c k c o n s o l i d a t i o n p o s t u l a t e d by Shaub (19^9) appears t o be i l l - f o u n d e d , as 
shown by Dunnington (op. c i t . ) . The s o l u t i o n - p r e s s u r e process o f f o r m a t i o n 
o f t h e s t y l o l i t e s has o b v i o u s l y r e s u l t e d i n a t h i c k n e s s r e d u c t i o n o f the 
Great Limestone and i t s e q u i v a l e n t s . S t o c k d a l e (1926) c o n s i d e r e d t h a t i n 
l i m e s t o n e t h e r e d u c t i o n c o u l d be as much as ^ per cent of the o r i g i n a l 
t h i c k n e s s . I n the p r e s e n t case the amount o f r e d u c t i o n has not been d e t -
ermined, b u t undoubtedly i t i s n o t i n c o n s i d e r a b l e . Evidence o f i t h a v i n g 
t a k e n p l a c e i s t o be seen where t r u n c a t e d f o s s i l s abut the s t y l o l i t i c 
s u t u r e s ; a l s o , the f i l m s o f carbonaceous m a t e r i a l silong the s t y l o l i t e s 
r e p r e s e n t the i n s o l u b l e r e s i d u e r e m a i n i n g a f t e r s o l u t i o n o f t h e l i m e s t o n e . 
Very oc c a s i o n a i l s t y l o l i t e s o f smeill a m p l i t u d e have been r e c o g n i z e d 
i n b o r e h o l e cores t h r o u g h t h e sandstones, but they are c e r t a i n l y n o t common 
a p p a r e n t l y . Thus, i n the p r e s e n t case t h e r e i s no suppor t f o r the sugges-
t i o n o f Heald (1953 and 1955) r e l a t i n g t o the cementation o f sandstones 
b e i n g due t o t o t a l s o l u t i o n o f sand g r a i n s a l o n g s t y l o l i t i c s u t u r e s w i t h 
p r e c i p i t a t i o n elsewhere i n the r o c k . I t would appear t h a t s o l u t i o n t o o k 
p l a c e a t a l l p o i n t s o f c o n t a c t o f t h e sand g r a i n s , as p o s t u l a t e d i n Chapter V. 
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CHAPTER V I I 
PALAEONTOLOGY 
The d i s t r i b u t i o n o f f o s s i l s w i t h i n the beds c o m p r i s i n g the Great 
Cyclothem has been comprehensively d e a l t w i t h i n Chapters I I , I I I and 
I V ; c o n s e q u e n t l y , i t i s n o t i n t e n d e d t o go i n t o t h i s any f u r t h e r , b u t 
th e s i g n i f i c a n c e o f the f o s s i l s w i l l be discussed below. A p a r t from 
those f o s s i l s s p e c i f i c a l l y mentioned i n the t e x t o f t h i s work, l i s t s o f 
f o s s i l s r e l a t i n g t o the cyclothem have been presented by many a u t h o r s . 
T h e i r v a r i o u s works are d e a l t w i t h i n Chapter I and l i s t e d i n the key 
t o F i g . 2 ; i n a d d i t i o n , a s e r i e s o f works c o n t a i n i n g s p e c i f i c r e f e r e n c e 
t o t h e fauna o f the Great Limestone are enumerated a t the end o f Chapter 
I I I . Those f o s s i l s c o l l e c t e d d u r i n g the p r e s e n t work from the Coal S i l l s 
Group o f the A l s t o n B l o c k and i m m e d i a t e l y a d j a c e n t areas are l i s t e d i n 
Appendix I I . 
The m a j o r i t y o f the f o s s i l s p r e s e n t i n the cyclothem are o f l i t t l e 
use f o r c o r r e l a t i o n purposes, b o t h on a r e g i o n a l and zoneil b a s i s , s i n c e 
t h e y u s u a l l y b e l o n g t o f a c i e s faunas, p a r t i c u l a r l y i n the Coal S i l l s 
Group and i t s e q u i v a l e n t s . However, the mere presence o f f o s s i l s has 
proved t o be u s e f u l i n some cases f o r c l a r i f y i n g l o c a l d e t a i l e d c o r r e l a t i o n 
problems. The most i m p o r t a n t f o s s i l d i s c o v e r i e s r e l a t i n g t o t h i s work are 
those o f t h e g o n i a t i t e s from j u s t above the Great Limestone a t G r e e n l e i g h t o n , 
Northumberland, and a s h o r t d i s t a n c e above the L i t t l e Limestone i n Sv;inhope 
Burn, East A l l e n d a l e ; as shown i n Chapter I I , these f i n d s , when considered 
w i t h o t h e r s , have a l l o w e d t h e Vis^an-Neimurian j u n c t i o n t o be f i x e d a t the 
base o f the Great Limestone, t h e Great Cyclothem f o r m i n g the l o w e s t beds 
o f t h e Namurian succession i n N o r t h e r n England. 
A p a r t f r o m the r e a s o n a b l y p r o l i f i c s c a t t e r e d fauna w i t h i n the Great 
Limestone and i t s e q u i v a l e n t s , t h e r e are t h r e e prominent biostromes eind 
a s e r i e s o f c r i n o i d bioherms i n v a r i o u s p a r t s o f the l i m e s t o n e , a l l o f 
w h i c h are d e s c r i b e d and dis c u s s e d i n Chapter I I I . The biostromes and 
bioherms presumably i n d i c a t e c o l o n i z a t i o n o f the Great Limestone sea-
f l o o r by t h e i r v a r i o u s components due t o the widespread f a v o u r a b l e e n v i r -
onmental c o n d i t i o n s p r e v a i l i n g a t c e r t a i n p e r i o d s . I n a d d i t i o n t o the 
above, fro m a g e n e r a l e n v i r o n m e n t a l p o i n t o f view, the f o s s i l s c o m p r i s i n g 
the s c a t t e r e d fauna, the b i o s t r o m e s and the bioherms o f t e n i n d i c a t e t h a t a 
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c e r t a i n amount o f c u r r e n t a c t i v i t y was a f e a t u r e o f t h e sea i n which the 
l i m e s t o n e was formed. 
W i t h i n t h e sediments o f t h e Coal S i l l s Group and i t s e q u i v c i l e n t s 
marine f o s s i l s o f t e n occur i n reas o n a b l y d i s t i n c t marine bands or s c a t -
t e r e d w i t h i n t h e shales and sandstones. I n a number o f cases the marine 
f o s s i l s i n these s i t u a t i o n s are considered t o be i n d i g e n o u s , but i n o t h e r 
cases t h e y are d e r i v e d ; i n t h e former case the f o s s i l s are i n d i c a t i v e of 
a t r u e marine environment w h i l s t i n the l a t t e r case the f o s s i l s a t l e a s t 
i n d i c a t e t h e p r o x i m i t y t o marine c o n d i t i o n s . Thus, the occurrence o f 
marine f o s s i l s a s s o c i a t e d w i t h the t e r r i g e n o u s sediments, which are o f t e n 
c a l c a r e o u s where f o s s i l i f e r o u s , i s i n d i c a t i v e o f marine i n c u r s i o n s i n t o 
t h e d e l t a i c s e d i m e n t a t i o n environment. I t has been shown t h a t the marine 
h o r i z o n s are most abundeint i n the t e r r i g e n o u s sediments o f the sout h e r n 
p a r t o f t h e r e g i o n w i t h an o v e r a l l decrease northwards; t h i s , a l o n g w i t h 
evidence o f marine c o n d i t i o n s p e r s i s t i n g throughout the f o r m a t i o n o f the 
cycl o t h e m i n t h e extreme s o u t h and sou t h - e a s t o f the eirea under c o n s i d -
e r a t i o n , c o n f i r m s t h a t marine i n c u r s i o n s came from a s o u t h e r l y d i r e c t i o n , 
b u t t h a t i n many cases t h e y were not o f s u f f i c i e n t magnitude t o p e n e t r a t e 
t o o f a r n o r t h towards t h e l a n d from which the sediments were d e r i v e d . 
As f a r as p l a n t f o s s i l s are concerned, these are c o n f i n e d t o the 
sediments o f the Cosil S i l l s Group and i t s e q u i v a l e n t s . Apart from t h e 
common St i g m e i r i a and a s s o c i a t e d p l a n t r o o t l e t s i n s i t u , v e r y fev; s p e c i f -
i c a l l y i d e n t i f i a b l e specimens o f plemt remains have been found. However, 
t h e o c c a s i o n a l specimens o f Lepidodendron and rsire C o r d a i t e s have been 
r e c o v e r e d from the c o a l seams and as i s o l a t e d fragments from the base o f 
th e s u b s i d i a r y washout-channel sandstones. Of the i n d e t e r m i n a t e m a t e r i a l , 
comminuted p l a n t d e b r i s i s common i n vsurious s i t u a t i o n s whose d i s t r i b u t i o n 
has been d e a l t w i t h i n Chapter IV; such m a t e r i a l would appear t o i n d i c a t e 
p r o l i f i c p l a n t growth i n t h e source area o f t h e sediments euid p r o b a b l y 
p a r t s o f t h e sirea o f d e p o s i t i o n t o o . Probably the most i m p o r t a n t o f the 
p l a n t remains are t h e S t i g m a r i a and a s s o c i a t e d p l a n t r o o t l e t s i n s i t u whose 
d i s t r i b u t i o n , p a r t i c u l a r l y where they occur i n the tops o f the sheet ssind-
s t o n e s , has a l s o been d e a l t w i t h i n Chapter IV. Such remains are so impor-
t a n t because they d i r e c t l y i n d i c a t e p r e v i o u s p l a n t growth a t c e r t a i n 
s p e c i f i c i n t e r v a l s , presumably under t e r r e s t r i a l msirsh or swamp c o n d i t i o n s , 
t h i s p l a n t g r o w t h o f t e n h a v i n g r e s u l t e d i n the f o r m a t i o n o f peat f r o m which 
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t h e c o a l sesims o f the cyclothem were formed. The S t i g m a r i a and plamt 
r o o t l e t s i n s i t u , f r e q u e n t l y w i t h t h e a s s o c i a t e d c o a l seams o v e r l y i n g 
t h e beds t h e p l a n t s occur i n , are prominent and o f widespread occurrence 
i n t h e n o r t h e r n p a r t o f t h e r e g i o n . T h e i r development southwards becomes 
p r o g r e s s i v e l y weaker o v e r a l l and t o t h e south o f the Cotherstone S y n c l i n e 
b o t h p l a n t remains i n s i t u and c o a l seams are v i r t u a l l y absent; t h e r e i s 
one e x c e p t i o n t o t h i s generail r u l e , however, because the t o p o f the major 
washout-channel sandstone on t h e A s k r i g g Block c o n t a i n s p l a n t r o o t l e t s i n 
s i t u and i s o v e r l a i n by a t h i n c o a l seam. Thus, p l a n t growth was most 
p r o l i f i c i n t h e n o r t h e r n p a r t o f the r e g i o n c l o s e r t o t r u e t e r r e s t r i e i l 
c o n d i t i o n s , w h i l s t i t became weaker southwards and east-south-eastwards 
towards t h e sea u n t i l i t d i e d out almost c o m p l e t e l y except where l o c e i l 
c o n d i t i o n s i n t h e form o f t h e washout-channel sandstone t o p a l l o w e d i t t o 
ex t e n d c o n s i d e r a b l y f a r t h e r s o u t h than normal. The i n t i m a t e l y a s s o c i a t e d 
c o a l s e x h i b i t a s i m i l a r d i s t r i b u t i o n t o the above, as might be expected, 
th e c o a l seams b e i n g t h i c k e s t , most p e r s i s t e n t and numerous i n the 
n o r t h e r n p a r t o f the r e g i o n w i t h a g r a d u a l but meirked decrease i n t h i c k -
ness, p e r s i s t e n c e sind number southv/sirds and east-south-eastwards. 
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CHAPTER V I I I 
PALAEOGEOGRAPHICAL SYNTHESIS 
GENERAL 
The main purpose o f t h i s i n v e s t i g a t i o n has been t o t r a c e and e v a l -
u a t e i n d e t a i l t h e chsiract e r aind v a r i a t i o n s o f the sediments f o r m i n g the 
Great Cyclothem i n N o r t h e r n England i n o r d e r t o r e c o n s t r u c t the cyclothem's 
d e p o s i t i o n a l h i s t o r y and the broad palaeogeography o f the sirea i n which i t 
was formed. The d e t a i l e d i n f o r m a t i o n r e l a t i n g , t o t h i s i n v e s t i g a t i o n has 
been s e t o u t i n the f o r e g o i n g c h a p t e r s a l o n g w i t h d e t a i l e d c o n c l u s i o n s 
d e r i v e d from a c o n s i d e r a t i o n o f the evidence presented by the v a r i o u s 
f e a t u r e s . These c o n c l u s i o n s have been s y n t h e s i z e d and the broad p i c t u r e 
o f the; s e t t i n g under which the Great Cyclothem was formed i s t o be presented 
b r i e f l y below. 
DELIMITATION AND STRUCTURAL SETTING OF THE 
DEPOSITIONAL ENVIRONMENT 
The a r e a o f N o r t h e r n England i n which the Great Cyclothem aind i t s 
e q u i v a l e n t s are developed s t r e t c h e s from the Craven F a u l t s and t h e i r 
w e s t e r n p r o j e c t i o n i n the so u t h t o the Southern Uplands and t h e i r western 
e x t e n s i o n i n t h e n o r t h . As f a r as the l a t t e r boundciry i s concerned, how-
e v e r , t h e r e are sediments r e l a t e d t o those of the cyclothem i n the Mid l a j i d 
V a l l e y o f S c o t l a n d t o the n o r t h o f the Southern Uplands, the t r u e n o r t h e r n 
l i m i t o f d e p o s i t i o n o f sediments c l o s e l y r e l a t e d t o the Great Cyclothem, 
and p r o b a b l y t h e source o f the t e r r i g e n o u s sediments themselves, b e i n g the 
p o s t u l a t e d H i g h l a n d - " A t l a n t e a n " Massif o f George (1958) which l i e s n o r t h 
o f the M i d l a n d V a l l e y Trough. N e v e r t h e l e s s , the Southern Uplsinds M a s s i f , 
which a c t e d as a r i g i d b l o c k d u r i n g d e p o s i t i o n o f the cyclothem, i s taken 
as the boundary o f the area t o be co n s i d e r e d here; because o f the r i g i d 
n a t u r e o f the Southern Uplands Massif d u r i n g d e p o s i t i o n the Great Cyclo-
them sediments i n N o r t h e r n Englsind t h i n towards i t . I n d e t a i l the southern 
l i m i t o f the area l i e s a l o n g an east-west l i n e f o l l o w i n g the present-day 
Craven F a u l t s and e x t e n d i n g t h r o u g h t h e southern end o f the Lake D i s t r i c t 
t o the n o r t h o f th e Furness r e g i o n and thence t h r o u g h the c e n t r e o f the 
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I s l e o f Man. I t would appear t h a t d u r i n g s e d i m e n t a t i o n em elongate 
p o s i t i v e r i d g e extended a l o n g t h i s l i n e which c o u l d q u i t e p o s s i b l y 
have been l a n d d u r i n g f o r m a t i o n o f t h e Great Cyclothem, as p o s t u l a t e d 
by T r o t t e r (1952) f o r E^^_i^ t i m e s ; t h i s r i d g e was probably, d e r i v e d due 
t o t h e l a t e u p l i f t which Hudson (1933) has shovm took place a l o n g 
t h e l i n e o f t h e Middle Craven F a u l t . The u p l i f t e d r i d g e formed an e f f -
e c t i v e d i v i d e s e p a r a t i n g t h e Bowland Trough and r e l a t e d areas t o t h e 
so u t h o f i t from the r e g i o n t o t h e n o r t h which i s under c o n s i d e r a t i o n 
h e r e . A p a r t f r o m t h e r i d g e s e p a r a t i n g two areas o f compl e t e l y d i f f e r e n t 
s e d i m e n t a t i o n , c o n s i d e r a b l e evidence e x i s t s , as s e t out i n Chapters I I I 
and I V , t o show t h a t on t h e n o r t h s i d e o f i t beds o f the Great Cyclothem, 
p a r t i c u l e i r l y t h e b a s a l l i m e s t o n e , wedge out a t l e a s t p a r t l y i f n ot complete-
l y a g a i n s t t h e u p l i f t e d ground; evidence has a l s o been presented t o show 
how components o f t h e Bowlsind Shsiles, p s o - t i c u l a r l y t h e Scale Haw (=Great) 
Limestone, wedge out northwards a g a i n s t the south s i d e o f t h i s u p l i f t e d 
ground. 
D u r i n g t h e f o r m a t i o n o f t h e Great Cyclothem, as w e l l as b e f o r e and 
a f t e r , t h e area between the Southern Uplands Massif and the l a n d r i d g e t o 
th e s o u t h a l o n g the l i n e o f t h e Craven F a u l t s was co m p l i c a t e d by r i g i d 
b l o c k s and s u b s i d i n g t r o u g h s . The Northumbrian F a u l t - B l o c k and the Lake 
D i s t r i c t M a s s i f w i t h t r o u g h s between them and t o the n o r t h dominate t h i s 
p i c t u r e , t h e t r o u g h t o t h e n o r t h b e i n g t h e Northumbrian Trough, i t s n o r t h -
e r n l i m i t b e i n g formed by the s t a b l e Southern Uplands Massif ( F i g . 2 ) ; an 
i n t e r e s t i n g f e a t u r e as f a r as the tr o u g h s are concerned i s the d i s c o v e r y 
t h a t t h e Cotherstone S y n c l i n e , which d i v i d e s the A l s t o n and A s k r i g g Block 
components o f t h e Northumbrian F a u l t - B l o c k , a c t u a l l y acted as a s u b s i d i n g 
area d u r i n g f o r m a t i o n o f t h e Great Gyclothem, as shown on P l a t e I I I . These 
v a r i o u s b l o c k and t r o u g h f e a t u r e s had a c o n s i d e r a b l e e f f e c t on the t h i c k -
ness o f s e d i m e n t a t i o n , p a r t i c u l s i r l y o f the t e r r i g e n o u s sediments, the 
t h i c k e r s e d i m e n t a t i o n t a k i n g p l a c e i n t h e s u b s i d i n g troughs which were 
d i v i d e d f r o m t h e r i g i d b l o c k s by contemporaneous hinge l i n e s , the l a t t e r 
nov/ b e i n g r e p r e s e n t e d by f a u l t s u s u a l l y . D e t a i l s o f t h e t h i c k n e s s v a r i -
a t i o n s o f t h e t e r r i g e n o u s sediments caused by these v a r i o u s f e a t u r e s have 
been enumerated i n Chapter IV and l a r g e l y i l l u s t r a t e d on P l a t e I I I . I t 
might be mentioned t h a t t h e Great Limestone and i t s e q u i v a l e n t s do not 
appear t o be markedly a f f e c t e d by t h e t e c t o n i c s u b - d i v i s i o n s except f o r 
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t h e r e g i o n a l t h i n n i n g towards t h e u p l i f t e d ground a t t h e s o u t h e r n l i m i t 
o f the a r e a ; the t h i c k n e s s v a r i a t i o n i s a p p a r e n t l y more c l o s e l y c o n t r o l l e d 
by t h e r e l a t i v e t i m e o f on-set o f the subsequent d e l t a i c d e p o s i t i o n . 
A p a r t f r o m markedly a f f e c t i n g the t h i c k n e s s v a r i a t i o n of t h e t e r r i -
genous sediments, the s t r u c t u r e o f the area appears t o have a f f e c t e d t h e i r 
s t r a t i g r a p h y t o some e x t e n t ; f o r i n s t a n c e , the t h i c k c o a l seams o f the 
N o r t h u m b r i a n Trough are p a r t l y a s c r i b e d t o r e l a t i v e l y r a p i d subsidence 
e n c o u r a g i n g t h e necessary p l a n t growth and the consequent t h i c k a ccumulation 
o f p e a t . The c o m p l i c a t i o n o f the Northumbrian Trough sequence, a p a r t from 
i t s g e n e r a l o v e r a l l t h i c k e n i n g , by the development o f more numerous minor 
rhythms i n t h e upper p a r t o f any one cyclothem as d e s c r i b e d by T r o t t e r and 
H o l l i n g w o r t h ( 1 9 3 2 ) , does n o t appear t o apply i n any g r e a t degree t o the 
Great Cyclothem now t h a t the c o r r e l a t i o n o f i t s s t r a t i g r a p h y i s more f u l l y 
u n d e r s t o o d ; however, the sequence i s c o m p l i c a t e d t o some e x t e n t by the 
s p l i t t i n g and t h i c k e n i n g i n v o l v e d i n the c y c l e c o n t a i n i n g the Low Coal S i l l 
r e p r e s e n t a t i v e i n the Northumbrian Trough, as d e s c r i b e d i n Chapter I V , the 
o t h e r c y c l e s c o m p r i s i n g t h e Great Cyclothem above t h i s b a s a l one h a v i n g a 
much more comparable t h i c k n e s s i n the Northumbrian Trough and on the a d j a c -
ent A l s t o n B l o c k , 
DEPOSITIONAL SETTING AND HISTORI 
The b r o a d g e n e r a l sequence i n v o l v e d i n the f o r m a t i o n o f the Great 
Cyclothem began w i t h t h e l a y i n g down o f the t h i c k b a s a l l i m e s t o n e over a 
p r o l o n g e d p e r i o d i n a shallov/ c l e a r sea f o l l o w i n g the r a p i d and xiridespread 
i n v a s i o n by the sea which t o o k place from t h e s o u t h aind e a s t - s o u t h - e a s t 
over an e x t e n s i v e f l a t l o w - l y i n g area subsequent t o the d e l t a i c d e p o s i t i o n 
o f t h e u n d e r l y i n g Four Fathom Cyclothem. F o l l o w i n g the l o n g p e r i o d o f 
l i m e s t o n e d e p o s i t i o n t h i s sea was e v e n t u a l l y encroached upon by d e l t a i c 
c o n d i t i o n s e x t e n d i n g from the l a n d t o t h e n o r t h and n o r t h - w e s t , the d e l -
t a i c d e p o s i t s c o n s i s t i n g e s s e n t i a l l y o f c l a y , sand and peat which are now 
r e p r e s e n t e d by s h a l e , sandstone and c o a l . Such c o n d i t i o n s v i r t u a l l y 
p e r s i s t e d t h r o u g h o u t t h e f o r m a t i o n o f the remainder o f the cyclothem, t h e r e 
b e i n g l o c a l and r e g i o n a l r e g r e s s i o n s o f d e l t a i c c o n d i t i o n s a t t i m e s w i t h 
complementary marine i n c u r s i o n s , however, which r e s u l t e d i n the composite 
n a t u r e o f t h e cyclothem. A l t h o u g h they p e r s i s t e d throughout the f o r m a t i o n 
o f the remainder o f the cyclothem, d e l t a i c c o n d i t i o n s never reached the 
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extreme s o u t h - e a s t o f the a r e a , so t h a t marine c o n d i t i o n s p r e v a i l e d t h e r e 
t h r o u g h o u t t h e p e r i o d d u r i n g which the e s s e n t i a l l y non-marine beds o f the 
cycl o t h e m were formed elsev/here. I t might be mentioned t h a t the term 
d e l t a i c c o n d i t i o n s used here s i m p l y r e f e r s t o an environment i n which 
c o n t i n e n t a l eind marine d e p o s i t i o n are b o t h p o s s i b l e , the c o n t i n e n t a l phase 
o f t h e d e l t a m erely b e i n g an e x t e n s i o n out from the l a n d o f t h e f l o o d and 
coas t p l a i n areas o f t h e f l u v i a l environment. No d i r e c t comparison w i t h 
the M i s s i s s i p p i d e l t a i s c o n s i d e r e d p o s s i b l e d e s p i t e the l a r g e amount o f 
p u b l i s h e d i n f o r m a t i o n a v a i l a b l e r e g a r d i n g t h i s d e l t a , such as t h a t o f 
F i s k e t a l . ( 1 9 5 ^ ) . T h i s l a t t e r s i t u a t i o n has encouraged some r e c e n t 
w o r k e r s on t h e Yoredales, such as Moore (1955 and I 9 5 8 ) , t o c l o s e l y r e l -
ate t h e s p e c i f i c sedimentary environments o f the modern M i s s i s s i p p i d e l t a 
w i t h t h e Yoredales even though the M i s s i s s i p p i d e l t a i s w e l l knovm t o be 
one o f t h e most a t y p i c a l o f d e l t a s w i t h i t s b i r d ' s f o o t s t r u c t u r e . A 
c l o s e r comparison o f t h e d e l t a i c environment o f the Great Cyclothem would 
appear t o be w i t h such d e l t a s as those o f the Rhone, the N i g e r or even the 
Wadden Sea area of H o l l a n d . 
As p o i n t e d o ut above t h e Great Cyclothem began w i t h the f o r m a t i o n o f 
the b a s a l l i m e s t o n e i n a c l e a r s h a l l o w sea f o l l o w i n g a widespread i n v a s -
i o n o f the area by t h i s sea from the south and e a s t - s o u t h - e a s t . The base 
of t h e l i m e s t o n e i s g e n e r a l l y q u i t e sharp, a l t h o u g h t h e r e may be a grad-
a t i o n up from t h e u n d e r l y i n g d e l t a i c sediments i n p l a c e s ; n e v e r t h e l e s s , 
i t w ould appear t h a t t h e i n c u r s i o n o f the sea over the whole area was 
r a p i d . The r e l a t i v e constancy of the l i m e s t o n e i n l i t h o l o g y i n d i c a t e s 
th e b r o a d l y s i m i l a r c o n d i t i o n s p r e v a i l i n g over the whole area. I t s con-
s i d e r a b l e though v a r i a b l e t h i c k n e s s , a p a r t from where i t t h i n s markedly 
a g a i n s t t h e u p l i f t e d ground i n the s o u t h , a l s o i n d i c a t e s the widespread 
n a t u r e o f t h e marine c o n d i t i o n s which p e r s i s t e d f o r a l o n g p e r i o d . I n 
the sea marine l i f e was common a t a l l t i m e s , b ut a t c e r t a i n p e r i o d s con-
d i t i o n s were so s u i t a b l e over wide areas t h a t the marine l i f e p r o l i f e r -
a t e d t o such an e x t e n t t h a t t h e bioherms and widespread biostromes were 
formed. A l t h o u g h c o n d i t i o n s were f a v o u r a b l e t o marine l i f e , t h e r e i s 
evidence i n t h e form o f r o l l e d and eroded f o s s i l s o f some c u r r e n t a c t i v -
i t y over the whole E i r e a d u r i n g l i m e s t o n e f o r m a t i o n , thus i n d i c a t i n g the 
s h a l l o w n a t u r e o f the sea. I n a d d i t i o n , i t would appear t h a t the sea i n 
n o r t h - e a s t p a r t o f the A s k r i g g B l o c k was under the i n f l u e n c e o f an agent 
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d e l i v e r i n g s i l i c a - r i c h w a t e r s , as w e l l as the c a l c i u m - r i c h waters from 
w h i c h the l i m e s t o n e was formed, because i n t h a t area the l i m e s t o n e i s 
r e l a t i v e l y r i c h i n s i l i c a . O t h e r w i s e , d u r i n g the f o r m a t i o n o f t h e major 
p a r t o f t h e l i m e s t o n e the whole area was under the i n f l u e n c e o f incoming 
c a l c i u m - r i c h w a t e r s , the t r a n s p o r t i n g agents c a r r y i n g no o t h e r t e r r i g e n o u s 
m a t e r i a l o f consequence a p a r t from the f i n e g r a i n e d carbon which l a r g e l y 
c o n t r i b u t e s t o the p i g m e n t a t i o n o f the l i m e s t o n e . However, a f t e r a consid-
e r a b l e t h i c k n e s s o f l i m e s t o n e had been formed, the l i m e s t o n e sea was i n -
vaded by waves o f muddy sediment d e r i v e d from the l a n d t o the n o r t h and 
n o r t h - w e s t , t h e muddy m a t e r i a l b e i n g t r a n s p o r t e d i n t o the sea by the r i v e r s 
f r o m t h e l a n d which had p r e v i o u s l y o n l y c a r r i e d c a l c i u m - r i c h w a t e r s , the 
change i n t h e c h a r a c t e r o f t h e i r l o a d perhaps b e i n g caused by u p l i f t i n 
t h e source area w i t h the consequent r e j u v e n a t i o n o f the r i v e r s . Such con-
d i t i o n s gave r i s e t o t h e a l t e r n a t i n g l i m e s t o n e - s h a l e sequence o f the so-
c a l l e d Tumbler Beds which form the t o p o f the b a s a l l i m e s t o n e o f the c y c l o -
them i n t h e b u l k o f the n o r t h e r n p a r t o f the area. These waves o f muddy 
sediment, which h e r a l d the f u l l on-set o f d e l t a i c c o n d i t i o n s , reached the 
m a j o r i t y o f t h e n o r t h e r n p a r t o f the area e a r l i e s t because o f t h e i r d e r i v -
a t i o n f r o m t h e n o r t h and, i n f a c t , muddy sediments o n l y l o c a l l y reached 
f a r t h e r s o u t h than the l a t i t u d e o f the Cotherstone S y n c l i n e b e f o r e the 
f u l l o n-set o f d e l t a i c c o n d i t i o n s . T h i s i s i n d i c a t e d by the v i r t u a l r e s -
t r i c t i o n o f w e l l developed Tumbler Beds a t the t o p o f t h e l i m e s t o n e t o 
t h e a r e a n o r t h o f the Cotherstone S y n c l i n e , the Tumbler Beds o f the n o r t h 
b e i n g developed a t a l o w e r h o r i z o n than those t o t h e south, the most s o u t h -
e r l y Tiunbler Beds b e i n g r e p r e s e n t e d w h o l l y by shale i n the n o r t h ; t h u s , the 
b a s a l l i m e s t o n e has a markedly diachronous t o p which c o n t r a s t s w i t h i t s 
base whose f o r m a t i o n i s a s c r i b e d t o a widespread marine t r a n s g r e s s i o n a t 
one p a r t i c u l a r p o i n t i n t i m e . 
I m m e d i a t e l y or c l o s e l y f o l l o w i n g the d e p o s i t i o n o f l i m e s t o n e and 
perhaps even c o n c u r r e n t l y w i t h t h e l a t e r stages of i t s f o r m a t i o n i n p l a c e s , 
over a l a r g e area i n the n o r t h - e a s t p a r t o f the A s k r i g g Block and a d j a c -
e n t s m a l l e r areas t o the n o r t h and s o u t h o f t h i s , the m a t e r i a l now r e p r e s -
e n t e d by p r i m a r y c h e r t was formed under marine c o n d i t i o n s by the d e p o s i t i o n 
o f c o l l o i d a l s i l i c a f r o m s i l i c a - l a d e n w a t e r s t r a n s p o r t e d i n t o the area by 
a r i v e r whose e s s e n t i a l l y s a n d s t o n e - f i l l e d contemporaneous "channel" i s 
p r e s e r v e d w i t h i n the d e l t a i c sediments t o the n o r t h o f t h e main area o f 
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c h e r t ; t h e course o f t h i s " c h a n n e l " i s d e l i m i t e d on P l a t e I I I and i t s 
r e l a t i o n s w i t h the s u r r o u n d i n g sediments are d e s c r i b e d i n Chapter I V . 
The main area o f c h e r t c o i n c i d e s w i t h the area on the A s k r i g g B l o c k i n 
whi c h t h e u n d e r l y i n g l i m e s t o n e i s r e l a t i v e l y r i c h i n s i l i c a and i t seems 
reasonable t o assume t h a t t o some e x t e n t the s i l i c a - l a d e n r i v e r xvaters 
even i n f l u e n c e d t h i s area d u r i n g d e p o s i t i o n o f the l i m e s t o n e , as mentioned 
e a r l i e r . T h i s c h e r t d e p o s i t i o n t o o k p l a c e w h i l s t t h e d e l t a i c d e p o s i t i o n 
o f t e r r i g e n o u s sediments o c c u r r e d c o n c u r r e n t l y and l a t e r a l l y t o i t , the 
f o r m a t i o n o f c h e r t o n l y c e a s i n g when the area was overcome by the d e l t e i i c 
s ediments. I n the extreme s o u t h e r n p a r t of the area, where the d e l t a i c 
sediments and the c h e r t f o r t h a t m a t t e r are wedging o u t , t h i s o v e r r i d i n g 
never t o o k place and, conse q u e n t l y , the whole o f the beds o f the cyclothem 
above t h e b a s a l l i m e s t o n e c o n s i s t o f c h e r t i n p l a c e s . 
As f a r as the d e l t a i c c o n d i t i o n s are concerned, these extended out from 
the l a n d s i t u a t e d t o the n o r t h and no r t h - w e s t o f the area of d e p o s i t i o n by 
th e system o f r i v e r s w h i c h f e d the environment b u i l d i n g out t e r r i g e n o u s 
sediments i n t o the s h a l l o w sea, the ex t r e m e l y sheillow n a t u r e of t h i s sea 
b e i n g i n d i c a t e d by the l o c a l e s t a b l i s h m e n t of p l a n t l i f e w i t h the conse-
quent f o r m a t i o n o f c o a l a t o c c a s i o n a l widespread l o c a l i t i e s s h o r t l y a f t e r 
t h e t e r m i n a t i o n o f l i m e s t o n e d e p o s i t i o n . I n i t i a l l y muddy c l a y grade sed-
i m e n t s were b u i l t out i n t o the sea, these muddy sediments e v e n t u a l l y over-
whelming t h e marine organisms thus c a u s i n g f o s s i l s t o be co n c e n t r a t e d 
i m m e d i a t e l y above the b a s a l l i m e s t o n e . As the muddy sediments were b u i l t 
f a r t h e r out i n t o the sea those a l r e a d y d e p o s i t e d nearer the shore were 
o v e r l a i n by sediments w h i c h i n c r e a s e d i n g r a i n s i z e upwards e v e n t u a l l y 
a t t a i n i n g sand grade; these cosirser sediments c o u l d n o t be t r s m s p o r t e d 
f a r t h e r because o f the streams c a r r y i n g them o n l y h a v i n g s u f f i c i e n t power 
t o c a r r y the f i n e r g r a i n e d sediments f a r t h e r south a t any one t i m e . From 
t h i s i t can be seen t h a t the d e l t a i c c o n d i t i o n s b u i l t outwards by a " c a r p e t -
r o l l i n g " e f f e c t , the i n i t i a l l a y e r c o n s i s t i n g o f c l a y grade m a t e r i a l f o l l -
owed by l a y e r s o f i n c r e a s i n g g r a i n s i z e as the d e l t a grew. The sand grade 
or. l a t e r a l l y e q u i v a l e n t m a t e r i a l b u i l t up i n very s h a l l o w water t o form 
an e x t e n s i o n o f the c o a s t a l p l a i n w i t h low r e l i e f a t or near t o s e a - l e v e l , 
and i n t h e process was s u b j e c t e d a t v a r i o u s stages t o wave and c u r r e n t 
a c t i o n , " a n n e l i d " a c t i v i t y , minor stream c h a n n e l l i n g and winnowing. Thus, 
a sequence was e v e n t u a l l y b u i l t up which i n c r e a s e d i n g r a i n s i z e upwards, 
- 227 -
t h e uppermost sand grade m a t e r i a l c o m p r i s i n g the sheet sandstone o f the 
sequence. V a r i a t i o n s from t h i s sequence can a r i s e , g e n e r a l l y due t o l o c s i l 
o r r e g i o n a l f a i l u r e o f the sheet sandstone, a l t h o u g h i n some cases the 
v a r i a t i o n i s caused by one sheet sandstone c o a l e s c i n g ;:d.th another o r 
even t h e s p l i t t i n g o f a sheet sandstone i n t o more than one component, as 
i n t h e case o f the Low Coal S i l l e q u i v a l e n t i n the s o u t h e r n p a r t o f the North-
umbrian Trough. The l o c a l f a i l u r e o f the sheet sandstone can p r o b a b l y be 
a t t r i b u t e d t o t h e l o c a l f a i l u r e o f the t r a n s p o r t i n g agent due t o l o s s o f 
power, perhaps r e l a t e d t o blockage by p l a n t growth or a sand bar; l o c a i l 
d i v e r s i o n o f t h e t r a n s p o r t i n g streeims c o u l d a l s o l e a d t o s i m i l a r r e s u l t s . 
On t h e o t h e r hand, when the mode o f f o r m a t i o n i s considered i t can e a s i l y 
be seen how on a r e g i o n a l s c a l e t h e sandstone component of the cyclothem 
becomes i m p e r s i s t e n t and e v e n t u a l l y wedges out t o the south and south-east 
b e f o r e t h e s h a l e o f any one c y c l e . Once the d e l t a i c sediments had b u i l t 
up t o o r c l o s e t o s e a - l e v e l t o form a low»lying e x t e n s i o n o f the c o a s t a l 
p l a i n , t h e y were g r a d u a l l y c o l o n i z e d by v e g e t a t i o n growing out from the 
l a n d t o t h e n o r t h . T h i s v e g e t a t i o n e v e n t u a l l y r e s u l t e d i n the accumulation 
o f peat f r o m w h i c h the c o a l o v e r l y i n g the sheet sandstone or i t s represen-
t a t i v e was formed; the f a c t t h a t any one c o a l i s g e n e r a l l y t h i c k e s t and 
most p e r s i s t e n t i n the n o r t h e r n and n o r t h - w e s t e r n p a r t s o f the area i s t o 
be expected s i n c e t h e growth o f v e g e t a t i o n was bound t o decrease and even-
t u a l l y d i e o u t southwards tovrards the sea. ' A p a r t from the major widespread 
developments o f c o a l d e s c r i b e d above, t h e r e are o c c a s i o n a l l o c a l developments 
of c o a l , o r a t l e a s t p l a n t r o o t l e t s i n s i t u , a t o t h e r h o r i z o n s marking the 
l o c a l g r o w t h o f p l a n t s i n t h e environment, thus g i v i n g a f u r t h e r i n d i c a t i o n 
o f i t s g e n e r a l s i t u a t i o n c l o s e t o s e a - l e v e l . Undoubtedly t h e r e would be 
major r i v e r s f e e d i n g the t e r r i g e n o u s sediments t o the d e l t a i c environment 
by way o f shall o v ; d i s t r i b u t a r i e s , t h e l a t t e r g i v i n g r i s e t o the c r o s s -
b e d d i n g i n t h e sheet sandstones, as d e s c r i b e d i n Chapter V I . The courses 
of these major r i v e r s n o r m a l l y l a y w e l l t o the n o r t h o f the d e l t a i c e n v i r -
onment, b u t a t l e a s t a t one p e r i o d , p o s s i b l y due t o u p l i f t o f the l a n d t o 
th e n o r t h markedly r e j u v e n a t i n g the r i v e r s , a major channel w i t h s u b s i d i a r y 
a s s o c i a t e d channels t r a n s g r e s s e d over t h e a r e a . c u t t i n g deeply i n t o the under-
l y i n g sediments; once the r i v e r s l o s t t h e i r c u t t i n g power these channels were 
a l l u v i a t e d , i n i t i a l l y w i t h v e r y coarse g r a i n e d pebbly m a t e r i a l f o l l o w e d by 
m a t e r i a l g r a d u a l l y becoming f i n e r grained .upwards. The courses o f these 
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channels where they can be t r a c e d on the Northumbrian F a u l t - B l o c k are shown 
on P l a t e I I I , I t has been shown p r e v i o u s l y i n Chapter I V t h a t t h e channels 
t r a n s g r e s s e d on.to t h e area f o l l o w i n g the f o r m a t i o n o f the High Coal S i l l 
sheet sandstone but p r i o r t o the c o l o n i z a t i o n o f the area by v e g e t a t i o n 
from w h i c h t h e High Coal S i l l c o a l was formed. The p o s s i b i l i t y o f s i m i l a r 
washout-channels o c c u r r i n g a t another h o r i z o n i n the Northimibrian Trough 
has been mentioned i n Chapter I V . The development o f the somewhat d i f f -
e r e n t s a n d s t o n e - f i l l e d contemporaneous "channel" which f e d the s i l i c a -
r i c h w a t e r t o the area o f c h e r t i n the north-west p a r t o f the A s k r i g g 
B l o c k has a l r e a d y been d e a l t w i t h . I t c o u l d be t h a t the anomalous Hens-
ingham G r i t sequence o f V/est Cumberland a l s o r e p r e s e n t s the beds formed 
i n a s i m i l a r s i t u a t i o n t o the l a t t e r "channel" because the s t r a t a i n West 
Cumberland which are c o n s i d e r e d t o be e q u i v a l e n t t o the d e l t a i c sequence 
of t h e cyclothem are by no means a normal development. 
A p a r t f r o m the marked t h i c k n e s s v a r i a t i o n s and the s t r a t i g r a p h i c a l 
c o m p l e x i t i e s i n t r o d u c e d by the s t r u c t u r a l s e t t i n g , the f o r m a t i o n o f the 
beds o f the cyclothem o v e r l y i n g t h e b a s a l l i m e s t o n e was not a simple one 
i n v o l v i n g a s i n g l e phase o f d e l t a b i i i l d i n g , b ut a m u l t i p l e one marked by 
r e g i o n a l and l o c a l r e g r e s s i o n s o f the d e l t a , t h r e e major advances of the 
d e l t a i c c o n d i t i o n s as d e s c r i b e d above b e i n g r e c o g n i z a b l e ; consequently, 
the Great Cyclothem i s a composite one and not a simple l i m e s t o n e - s h a l e -
s a n d s t o n e - c o a l rhythm. The r e g r e s s i o n s of d e l t a i c c o n d i t i o n s were marked 
by complementary encroachments o f marine c o n d i t i o n s from the south and e a s t -
s o u t h - e a s t . Thus, f o l l o w i n g each phase of d e l t a b u i l d i n g and p l a n t growth 
t h e r e was an encroachment o f marine c o n d i t i o n s over the m a j o r i t y of the d e l -
t a i c a r e a . These encroachments were o f v a r i a b l e magnitude but g e n e r a l l y 
r e s u l t e d i n t h e e s t a b l i s h m e n t o f a t l e a s t quasi-marine c o n d i t i o n s which 
are r e p r e s e n t e d i n numerous p l a c e s by marine f o s s i l s i n the shales over-
l y i n g t h e c o a l seams. However, i n some places d i s t i n c t calcareous marine 
bands w i t h i n d i g e n o u s f o s s i l s were formed, thus i n d i c a t i n g the temporary 
e s t a b l i s h m e n t o f t r u e marine c o n d i t i o n s which were e v e n t u a l l y overcome by 
the re-advance o f the d e l t a . D u r i n g the a c t u a l b u i l d i n g out o f t h e d e l t a 
l o c a l marine i n c u r s i o n s were able t o take place a t v a r i o u s h o r i z o n s w i t h 
t h e e s t a b l i s h m e n t o f t r u e marine o r quasi-marine c o n d i t i o n s ; these i n c u r -
s i o n s were o f v a r i a b l e e x t e n t , b u t a prominent marine h o r i z o n developed i n 
such a manner i s the Snope Burn Band. I n t h i s c o n t e x t i t might be mentioned 
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t h a t during the i n f i l l i n g of the upper parts of the washout-channels 
loc s i l marine incursions ivere able to take place along them apparently; 
s i m i l a r l y , the contemporaneous "channel" appears to have f a c i l i t a t e d 
l o c a l marine in c u r s i o n s . Such a s i t u a t i o n as described above .indicates 
the close i n t e r - p l a y between the two environments. As might be expected 
w i t h d e l t a i c conditions advancing from the north and north-west on to the 
sea i n the south and east-south-east, the marine horizons w i t h i n the essen-
t i a l l y d e l t a i c beds, p a r t i c u l a r l y the true and d i s t i n c t marine bands, are 
most common i n the south w i t h a decrease northwards; t h i s does not meam to 
say t h a t there are not prominent and reasonably widespread marine horizons 
i n the northern pa r t of the area, however, the Snope Burn Bcuid being a 
good example of such a horizon. 
D e l t a i c conditions at one time or auiother spread over the bulk of 
the area under consideration, but there i s a reg i o n a l southward t h i n n i n g 
of the terrigenous sediments so derived u n t i l they eventually wedge out 
completely i n the extreme south-east part of the Askrigg Block, as shovm 
on Plate I I I which includes the chert w i t h the other sediments above the 
basal limestone. The character of t h i s wedging out w i t h i s o l a t e d small 
t h i n patches of shale and chert to the south of the' main l i n e of wedging 
out has been discussed i n Chapter IV. I t i s not s u r p r i s i n g i n view of the 
mode of formation that the sheet ssmdstones wedge out completely before 
and to the no r t h and north-west of the shales, the l a t t e r p e r s i s t i n g 
f a r e s t south-east along w i t h the chert. As f a r as the sheet sandstones 
are concerned, i n general the lowest one i n the sequence, the Low Coal 
S i l l and i t s equivalents, reaches l e a s t f a r e s t south-whilst the uppermost 
one, the White Hazle and i t s equivalents, extends f a r e s t south; obviously, 
t h i s represents a progressive southward advance of the del t a f o l l o w i n g 
each regression during the formation of the Great Cyclothem. The complete 
and psc r t i a l wedging out of terrigenous sediments to the south-east and 
south due to the f a i l u r e of the d e l t a to invade f a r t h e r i n these d i r e c t i o n s 
i s obviously a phenomenon to be expected as the distance from land increased; 
hov/ever, the f a i l u r e may be to some extent due to the u p l i f t e d ground along 
the l i n e of the Craven Faults and t h e i r extension causing "backing-up" of 
sediment as a r e s u l t of the change of reg i o n a l slope a f f e c t i n g the carry-
i n g power of the agents t r a n s p o r t i n g the sediments. Thus, i n the extreme 
south-east there was continuous limestone deposition w h i l s t the d e l t a i c 
beds of the cyclothem were formed elsewhere, there being no in t e r v e n i n g 
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beds or widespread obvious break between the basal limestone of the 
Great Cyclothem and the o v e r l y i n g L i t t l e Limestone. Such a s i t u a t i o n 
would be expected to give r i s e to a t h i c k e r limestone i n the south-east 
than elsewhere; the t h i c k e n i n g i s not at a l l spectacular, however, prob-
ably because of the marked t h i n n i n g i\rhich takes place against the u p l i f t e d 
ground along the l i n e of the Craven F a u l t s . I t was from t h i s region of 
continuous limestone deposition t h a t the marine incursions i n t o the d e l t a i c 
environment tqok place to give r i s e to the marine horizons. The major mar-
ine transgression which terminated the Great Cyclothem and gave r i s e to the 
L i t t l e Limestone and equivalents would also take place from t h i s .region; 
t h i s transgression does not appear to have been as widespread as the one 
which r e s u l t e d i n the formation of the Great Limestone and equivalents 
because no recognizable L i t t l e Limestone i s developed i n West Cumberland 
and the I s l e of Man. 
MECHANISM OF CYCLIC SEDIMENTATION 
The mechanism v;hich r e s u l t e d i n the formation of the Great Cyclo-
them and s i m i l a r cyclothemic or rhythmic deposits has i n v i t e d much comment 
and speculation. I t i s undoubted t h a t such sedimentation involves o s c i l l -
a t i o n s i n the influence of marine and d e l t a i c conditions over the area, the 
cause of the recessions and advances so a r i s i n g being the moot p o i n t , how-
ever. The several d i f f e r e n t theories put forv/ard to explain the above 
have r e c e n t l y been considered i n d e t a i l by Wells (I96O) emd, consequently, 
i t i s only intended to give a b r i e f consideration of them here. 
Control of the mechanism s o l e l y i n v o l v i n g various forms of c y c l i c s i l 
c l i m a t i c v a r i a t i o n has been postulated by Brough (1928) and Wanless and 
Sheppard ( I 9 3 6 ) , but such theories do not have any strong tangible evid-
ence to support them, as mentioned by R.C, Moore ( I 9 5 6 ) w i t h p a r t i c u l a r 
reference to the Wanless and Sheppard idea of c y c l i c a l g l a c i a l c o n t r o l . 
Furthermore, i t i s u n l i k e l y t h a t plant growth could completely i n t e r r u p t 
the supply of sediment to the area, as postulated by Robertson (19^8 and 
1952), thus r e s u l t i n g i n the o v e r a l l c o n t r o l of the c y c l i c sedimentation; 
however, plant growth could be responsible f o r l o c a l blockages v/hich would 
explain to some extent l a t e r a l v a r i a t i o n s i n the sediments such as the l o c a l 
f a i l u r e of sheet sandstones and the l o c a l marine horizons. I n a s i m i l a r 
manner the p e r i o d i c formation of sand bars would l o c a l l y impede the flow 
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of sediment, but not give r i s e to major c y c l i c features. Moore (1955* 
1958 and 1959) suggested t h a t each cessation of d e l t a i c sedimentation 
was due to the feeding r i v e r being d i v e r t e d elsewhere, thus a l l o w i n g 
the d e l t a to be overcome by the sea as r e g i o n a l subsidence progressed. 
The d i v e r s i o n of the feeding r i v e r was ascribed to crevassing, by smail-
ogy with, conditions i n the modern M i s s i s s i p p i d e l t a . This mechanism 
presents a problem as to where the r i v e r was d i v e r t e d to because i t i s 
reasonable to assume tha t i t continued to deposit sediment i n the form 
of a d e l t a elsewhere. Moore (op, c i t , ) t e n t a t i v e l y suggested that the 
s i t e of t h i s second area of d e l t a i c deposition was s i t u a t e d i n the area 
of the present North Sea, despite the f a c t t h a t a l l the deep boreholes 
d r i l l e d t o the east of the Northumbrian Fault-Block have i n d i c a t e d t h a t 
the Yoredale beds e x h i b i t an increase i n the number and proportion of 
marine horizons i n t h i s d i r e c t i o n . Furthermore, i t i s d i f f i c u l t to en-
visage hovr the d i v e r s i o n mechanism could e f f e c t such a complete cessation 
of terrigenous sedimentation required to f u l l y account f o r the c y c l i c 
sedimentation since i t i s probably not a single r i v e r which i s involved 
but a system of r i v e r s . Nevertheless, t h i s novel idea of Moore's can 
not be completely disregarded since i t presents another means of explaining 
the l o c a l v a r i a t i o n s i n the sequence mentioned above. 
The remaining theories (Hudson, 192^ and 1933; Weller, 1930, 1 9 3 1 . 
1956 and 1958; Weller et a l . , 1958; Wheeler and Murray, 1957; R.C. Moore, 
1936 and I 9 5 O ; Dunham, 1950) a l l involve t e c t o n i c c o n t r o l as the mechan-
ism f o r producing the c y c l i c sedimentation. As f a r a s . t h i s i s concerned, 
a l l consider t h a t c y c l i c a l u p l i f t i n the sediment source area took place 
to i n i t i a t e the phases of terrigenous sedimentation,'each u p l i f t being 
fo l l o w e d by progressive denudation towards base l e v e l . Such a process 
conveniently explains the general upward increase i n grain size of each 
cycle of terrigenous sediments, the f i n e grained sediments which would 
eve n t u a l l y be derived towards the end of t h i s process as rejuvenation 
gave way t o m a t u r i t y being mainly deposited towards the "feather edge" 
of the d e l t a , the o b j e c t i o n of Dunham (op. c i t . ) to the process thus being 
covered when the f u l l r e g i o n a l spread of the sediments i s considered rather 
than a r e s t r i c t e d area by v e r t i c a l sections. Most of the above workers 
consider t h a t the marine i n c u r s i o n at the end of each phase of d e l t a i c 
sedimentation was due to normal subsidence of the area; compaction of 
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the accumulated sediments would also f a c i l i t a t e i n f l u x of the sea, as 
mentioned by Van der Heide ( 1 9 5 0 ) . Perhaps t h i s was so as f a r as the 
m a j o r i t y of the marine horizons o v e r l y i n g the coal seams and some of the 
more l o c a l ones w i t h i n the Great Cyclothem are concerned. However, i t 
i s not considered to be a s a t i s f a c t o r y explanation of the marine i n c u r s -
ions which r e s u l t e d i n the formation of the t h i c k major limestones of 
the Yoredsiles, of which the Great Limestone and i t s equivalents are the 
t h i c k e s t . Such incursions are more l i k e l y a t t r i b u t a b l e to active tec-
t o n i c subsidence because of the widespread and r a p i d i n f l u x involved 
even when the f l a t l o w - l y i n g r e l i e f of the area to be transgressed 
over i s taken i n t o consideration. Tectonic subsidence i n the area of 
d e p o s i t i o n as w e l l as u p l i f t i n the sediment source area was i n i t i a l l y 
suggested by Weller (op. c i t . ) . E.G. Moore (1950) and Moore (1958) 
consider t h i s d i a strophic r i s e and f a l l i n the areas of erosion and dep-
o s i t i o n too mechanical to be l i k e l y , but i t might be pointed out that 
a l l the other suggested modes of formation involve r e p e t i t i o n too. I n 
support of h i s contention t h a t t e c t o n i c a c t i v i t y played no part i n the 
mechanism of Yoredale c y c l i c sedimentation, Moore (op. c i t . ) mentions 
t h a t u p l i f t along the-Middle Craven F a u l t , less than 20 miles south of 
Wensleydale, during the time the Yoredales were being deposited had no 
known e f f e c t i n the. area he studied; however, i t has been shown i n the 
present work t h a t the u p l i f t e d ground d i d exert some influence during 
formation of the Great Cyclothem, though not d i r e c t l y towards producing 
the c y c l i c deposition. I n strong support of the te c t o n i c c o n t r o l i t can 
be pointed out that the p u l s a t i n g movements of the Sudetic period herald-
i n g the Hercynian orogeny were- t a k i n g place during the time of Yoredaile 
d e p o s i t i o n , and i t i s t h i s k i n d of regional'movement which would be req-
u i r e d to produce the c y c l i c sedimentation rather than the r e l a t i v e l y 
l o c a l movement c i t e d by Moore (op. c i t . ) above. The reason th a t the 
area under consideration i n which the Yoredale rocks were formed was 
a f f e c t e d by the p u l s a t i n g movements and other areas such as the adjacent 
Bowland Trough were not i s probably due to the former never being under 
very deep water and, consequently, i t was i n a c r i t i c a l s i t u a t i o n to be 
a f f e c t e d by even small scale te c t o n i c a c t i v i t y of a regional nature. 
PROVENANCE 
Here i t i s intended to deal w i t h the l o c a t i o n of the source area of 
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sediments and the composition of the source rocks before treinsport to 
the d e l t a . I n a d d i t i o n , comment w i l l be made upon observations r e l a t i n g 
to the c l i m a t i c and t e c t o n i c c o n d i t i o n of the source area. 
As f a r as the l o c a t i o n o f the sediment source area i s concerned, 
various features i n d i c a t e t h a t i t l a y to the north and north-west of the 
area of sedimentation under consideration, and i t was almost c e r t a i n l y 
the Highland - " A t l a n t e a j i " Massif which George (1958) has shown was s i t u -
ated some way to the north and north-west of the Midland Vadley of Scotland. 
The various features on which such a conclusion i s based 6ire as follows :-
( i ) The general sedimentary s i t u a t i o n of the Great Cyclothem 
w i t h terrigenous sediments t h i n n i n g or dying out completely to the 
south and south-east, a complementary thickening taking place to 
the n o r t h and north-west, and there being continuous marine con-
d i t i o n s throughout the formation of the cyclothem i n the extreme 
south-east p a r t of the area. 
( i i ) The d i r e c t i o n a l sedimentary structures i n the samdstones 
i n the form of cross-bedding and ripple-msurks; these have been 
discussed i n d e t a i l i n Chapter VI and shovm to have considerable 
l i m i t a t i o n s . 
( i i i ) The coal seams w i t h the maximum number, maximum thickness 
and greatest persistence i n the north followed by a decrease i n 
number, thickness and persistence east-south-eastwards and south-
wards, the seams eventually dying out completely i n these l a t t e r 
d i r e c t i o n s . 
( i v ) The marine bands and/or horizons which are most common 
i n the south decreasing northwards. 
(v) The o v e r a l l channel d i r e c t i o n s , p a r t i c u l a r l y those of 
the washout-channels. 
Thus, the m a t e r i a l forming the d e l t a i c sediments was transported from 
land to the n o r t h and north-west of the area of sedimentation i n a dom-
insint south to south-east d i r e c t i o n . 
Eresumably, during the formation of the basal limestone of the cyc-
lothem the source area only supplied calcium-rich waters with a v a r i a b l e 
content of dissolved s i l i c a to the area of deposition, no s i g n i f i c a n t 
erosion t a k i n g place i n the source area to produce the d e l t a i c sediments, 
the only a c t i v i t y being leaching of calcium and v a r i a b l e amounts of s i l i c a 
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from the rocks i n the source area. Thus, the source area at l e a s t con-
t r i b u t e d i n p a r t to the m a t e r i a l forming the basal limestone of the cyclo-
them, but the ybype of rocks being leached can not be adjudged and evidence 
from the d e l t a i c sediments must be used to determine t h i s . I t has already 
been shown i n Chapter V t h a t various features of the sandstones i n d i c a t e 
the source rocks to be l a r g e l y r e l a t i v e l y mature p r e - e x i s t i n g sediments 
w i t h only a subsidiary admixture derived from primary c r y s t a l l i n e igneous 
and metamorphic rocks. Furthermore, i t would appear that the pr e - e x i s t i n g 
sediments i n the source area were o r i g i n a l l y derived from primary meta-
morphic and igneous c r y s t a l l i n e rocks w i t h the metamorphic c o n t r i b u t i o n 
being predominant. These source sediments could have been of Old Red 
Sandstone age, but they themselves may have been derived from p r e - e x i s t i n g 
sediments formed during an even e a r l i e r period. I f the source sediments 
were of the above age they were probably psirt of the Upper Old Red Sand-
stone sequence since i t i s known from the work of Mackie (1897) that the 
heavy minerals of these beds are dominant i n zircon and tourmaline w i t h 
only subs i d i a r y garnet, whereas the Lower Old Red Sandstone beds contain 
dominant garnet w i t h subsidiary z i r c o n and tourmaline. Thus, during Lower 
Carboniferous times probably only the Upper Old Red Sandstone beds were 
being eroded and supplying d e t r i t u s to the d e l t a i c environment; t h i s would 
mean tha t the Lower Old Red Sandstone sediments were not exposed to erosion 
u n t i l a l a t e r period, t h i s l a t e r period probably being during Millstone 
G r i t times, the Mi l l s t o n e G r i t being r i c h i n garnet. 
From the point of view of climate there i s some evidence to suggest 
tha t the source area was under the influence of t r o p i c a l conditions. For 
instance, the leaching of calcium from the rocks which took place during 
limestone formation i s known to be act i v e under t r o p i c a l conditions, and 
the most favourable environment f o r limestone formation i s a r e l a t i v e l y 
warm sea. Furthermore, s i l i c a - l a d e n waters which would be required to 
form the prominent chert developments of the cyclothem aire known to be 
derivable from t r o p i c a l regions. The l u x u r i a n t vegetation growth required 
f o r the formation of the coals as w e l l as the abundant fragmentary plant 
m a t e r i a l found i n some of the sediments i s also suggestive of t r o p i c a l 
c o n d i t i o n s , although i t does not present absolutely categoric evidence on 
t h i s p o i n t . 
As f a r as the te c t o n i c condition of the source area i s concerned 
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the mechanism envisaged f o r the formation of the cyclothemic deposits 
demands c y c l i c u p l i f t of i t , each u p l i f t being followed by progressive 
denudation to base l e v e l . Thus, the source area was subjected to c y c l i c 
increases of orographic r e l i e f followed by a reduction of t h i s r e l i e f by 
erosion. Obviously, the magnitude of the u p l i f t s can not be q u a n t i t a t i v e l y 
assessed, but they were probably not large i n view of the character of the 
movements promoting them. 
Summarizing, i t can be seen th a t the sediment source area l a y to the 
no r t h and north-west of the area of deposition, the matericil fed to the 
marine and d e l t a i c environments being r e s p e c t i v e l y leached suid eroded 
predominantly from p r e - e x i s t i n g sediments. The source area was apparently 
influenced by t r o p i c a l c l i m a t i c conditions and subject to c y c l i c a l u p l i f t 
and denudation causing v a r i a t i o n i n r e l i e f . 
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APPENDIX I 
COAL RANK ON THE ALSTON BLOCK AND IN ADJACENT AREAS 
GENERAL 
As w i l l be gathered from Chapter IV, the coal seeims of the Great 
Cyclothem on the Alston Block aind i n adjacent areas sure, i n general, so 
w e l l developed from the p o i n t of view of thickness sind l a t e r a l p e r s i s -
tence t h a t they lend themselves to d e t a i l e d study; t h i s i s p s i r t i c u l a r l y 
the case as f a r as the High Coed S i l l coal emd equivalents are con-
cerned. Consequently, the seams have been examined from the point of 
view of t h e i r rank, the High Coal S i l l coal and equivalents having been 
studied i n most d e t a i l , but, i n a d d i t i o n , the other coals of the cyclo-
them have been considered, as w e l l as secuns i n the underlying (the 
Boredale coal) and o v e r l y i n g (the Firestone coal) s t r a t a where necessary. 
As fair as u t i l i z i n g the seaims at veirious horizons i s concerned i t might 
be mentioned t h a t no s i g n i f i c e u i t v e r t i c a l v a r i a t i o n i n rank has been noted, 
the seams i n the s t r a t a above and below the cyclothem simply having been 
used i n order to assess the r e g i o n a l v a r i a t i o n i n ranlc where the coals of 
the cyclothem are not exposed. The r e s u l t s of t h i s work amd the con-
clusions derived there from are b r i e f l y summarized below. 
REGIONAL VARIATION OF RANK 
Previous to t h i s work T r o t t e r auid Hollingworth (1952) had shown that 
i n passing southward from H a l t w h i s t l e i n the Northumbrian Trough to Alston 
on the Alston Block, there i s a progressive change i n the coals from a 
bituminous nature w i t h a 30 to 40 per cent dry-ash-free v o l a t i l e content 
at the former l o c a l i t y to a semi-anthracitic character w i t h a 10 to ik per 
cent dry-ash-free v o l a t i l e content airound Alston. I n order to obtain a 
re g i o n a l p i c t u r e of the f u l l extent of t h i s d e v o l a t i l i z a t i o n , a l l the 
a v a i l a b l e suialyses r e l a t i n g to the area and seams i n question have been 
gathered together aind several new amalyses cairried out, the new amadyses 
having been k i n d l y done by the National Coal Board North-eastern D i v i s i o n 
S c i e n t i f i c Department (Coal Survey). I n c l u d i n g those previously to hand 
and those c a r r i e d out during the present work, there are now some 60 
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aneilyses a v a i l a b l e of the seams under consideration, the coal samples 
analysed being f a i r l y evenly spread over the area of t h e i r outcrop on 
the Alston Block and the immediately adjacent areas i n the Tyne Valley 
to the n o r t h and the Cotherstone Syncline to the south. These analyses 
show t h a t i n general over the major par t of the Alston Block where the 
seams outcrop they are of a s i m i l a r semi-anthracitic chsiracter to those 
around Alston, there being an increase of v o l a t i l e content i n the seams 
towards the northern and south-western extremities of the Block. I n a 
n o r t h e r l y d i r e c t i o n the seams eventually become completely bituminous i n 
the Northumbrian Trough where there i s a widespread s i m i l a r i t y to the 
character noted around Haltv/histle by T r o t t e r and Hollingworth (op. c i t . ) . 
Apart from the south-westerly increase of v o l a t i l e s mentioned above, 
there i s also evidence to show tha t the seams increase i n v o l a t i l e con-
t e n t to the south of the Alston Block on the north side of the Cother-
stone Syncline, but f u r t h e r work i s needed to f u l l y c l a r i f y the s i t u -
a t i o n there. 
I n a d d i t i o n to the d e v o l a t i l i z a t i o n of the Vis^an and Namuriem coals 
d e a l t w i t h above, T r o t t e r (193^) has shown that the Westphalian coals of 
the Durham CosuLfield e x h i b i t a progressive decrease i n v o l a t i l e content to 
the west, north-west and south-west towards the region of extremely low 
v o l a t i l e content on the Alston Block already dealt w i t h , there being two 
s p e c i f i c areas where the coals are even lower i n v o l a t i l e content than 
those of the adjacent area i n the v i c i n i t y of Burnopfield and Cornsay. 
This progressive change of the Coal Measure seams i s s p e c i f i c a l l y i l l u -
s t r a t e d by the v a r i a t i o n i n the V i c t o r i a seam of the Lower Coal Measures, 
the i n f o r m a t i o n quoted having been k i n d l y supplied by the NationsQ. Coal 
Board Durhsun and Northern (N & C) Divisions S c i e n t i f i c Department (Coal 
Survey). Adjacent t o the Durham coast t h i s seam has a dry-ash-free vola-
t i l e content of the order of 5^ per cent which decreases to a minimum 
23 per cent dry-ash-free v o l a t i l e content westwards, the l o c a l decreases 
of some 2 per cent dry-ash-free v o l a t i l e matter belov/ the regional average 
around Cornsay and Burnopfield being quite d i s t i n c t . 
Thus, i t can be seen t h a t there i s a very d e f i n i t e progressive 
d e v o l a t i l i z a t i o n of a l l the seams considered towards the centre of the 
Alston Block, there being a leirge area at the centre of the Block where 
no marked r e g i o n a l v a r i a t i o n i n the v o l a t i l e content of the highest rank 
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s e m i - a n t h r a c i t i c coals can be made out. 
EFFECTS AND CAUSE OF DEVOLATILIZATION 
liJhere the semi-anthracitic seams are not too badly weathered the 
cosil forming them breaks i n t o small fragments, the i n d i v i d u a l fragments 
tending t o have a conchoidail f r a c t u r e when broken f u r t h e r ; such a feature 
i s t y p i c a l of a n t h r a c i t i c c o a l . I n a d d i t i o n to t h i s general f e a t u r e , at 
one l o c a l i t y , i n Parson Byers Quarry, near Stanhope, w i t h i n the area of 
semi-ainthracite, vairiable sized roughly ovoidal bodies ( F i g . ^ k) of cosQ. 
occur w i t h i n the High Coal S i l l seam on surfaces approximately p a r a l l e l 
to the bedding, the maximum diameter of these bodies being around 25 mm. 
I n some cases numerous small i n d i v i d u a l s aire crowded together ( F i g . 53) i 
w h i l s t i n other cases the lairger bodies occur separately (Fig. 5 ^ ) . 
These s t r u c t u r e s have not been reported from any coal i n Great B r i t a i n 
p r e v i o u s l y , but by ainalogy w i t h s i m i l a r s t ructures from Alaska, the coail-
f i e l d s of Washington State and the Wailsenburg d i s t r i c t of Colorado i n the 
United States, the Newcastle d i s t r i c t of Austreilia (Moore, 1950, pp. 2^7 -
249) and the Permian coals of I n d i a (Francis, 1 9 6 1 , p. 5 7 8 ) , they aire 
i d e n t i f i e d as niggerheads. No other occurrences of these structures have 
been discovered on the Alston Block apairt from those i n the High Coal S i l l 
seam at Parson Byers Quarry; the reason f o r t h i s r e s t r i c t i o n i s not f u l l y 
understood and, i n f a c t , i t may be only apparent. 
As. f a r as the formation of niggerheads i s concerned, Moore (1950) 
has a t t r i b u t e d i t to heat a l t e r a t i o n of the coail. This suggestion has 
been i n v e s t i g a t e d f u r t h e r during the present work i n conjunction w i t h 
Dr. D. Chandra, formerly of the National Coal Bosird North-eastern D i v i s i o n 
S c i e n t i f i c Department (Coal Survey), aind i t has proved possible to show 
t h a t the coal forming the niggerheads and the semi-auathracitic coals assoc-
i a t e d w i t h them, both l o c a l l y aind r e g i o n a l l y , aire of a s i m i l a r abnormaQ. 
chemical composition, the anailyses f a l l i n g outside the baind f o r normal 
coals on Seyler's Chart when p l o t t e d . Furthermore, the reflectance values 
of the niggerheads and associated coals have a l l been found to be abnormal 
when compared w i t h normal coals, the closer comparison i n reflectance 
values being w i t h l a b o r a t o r y carbonized coals (Chandra and Bond, 1956) and 
known thermally metaimorphosed coails from the Wilsontown Main seam and the 
A n t a r c t i c (Brown and Taylor, I 9 6 I ) , 
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F i g . 53. Impressions of numerous small niggerheads; High Coal S i l l 
coal, Parson Byers Quarry, near Stanhope, x 2. 
F i g . 54. Large s o l i t a r y niggerhead; same l o c a l i t y as Fig. 53. x 2, 
Thus, there i s considerable evidence to i n d i c a t e that the semi-
a n t h r a c i t e s and the associated niggerheads of the Alston Block, along 
w i t h the higher v o l a t i l e but somewhat d e v o l a t i l i z e d coals i n the 
surrounding area, have been produced by heat a l t e r a t i o n , the source of 
heat having been nearest to the semi-anthracites w i t h a progressively 
decreasing o v e r a l l e f f e c t away from t h i s centrail zone. 
SOURCE OF HEAT 
From the foregoing i t can be seen th a t there i s l i t t l e reason to 
invoke v a r i a t i o n i n load metamorphism due to depth of b u r i a l ( H i l t ' s 
Law) as the cause of the r e g i o n a l rauik v a r i a t i o n described above, since 
i t has been shown on the basis of chemicail aind opticaQ. data that some 
source of heat i s required amd not pressure. As f a r as pressure r e l a t e d 
to t e c t o n i c a c t i v i t y i s concerned, i t would appear that the o v e r - t h r u s t i n g 
developed along the Pennine Faults d i d not s i g n i f i c a n t l y a f f e c t the coails 
because there i s evidence to suggest th a t the rank decreases i n a south-
westerly d i r e c t i o n towairds the Pennine Faults; also, i n the t e c t o n i c a l l y 
complex area to the west of the Cotherstone Syncline the coals aire of a 
normal bituminous v a r i e t y . Thus, there i s no strong evidence to support 
the view of T r o t t e r (195^) t h a t the d e v o l a t i l i z a t i o n of the seams i n the 
western p a r t of the Alston Block was a f f e c t e d by the ov e r t h r u s t i n g assoc-
i a t e d w i t h the Pennine F a u l t s . 
No l o c a l phenomena such as igneous dykes or even the L i t t l e Whin S i l l 
cam be s e r i o u s l y considered as the required source of heat because of the 
widespread nature of the d e v o l a t i l i z a t i o n . The Great Whin S i l l i s of 
widespread development but i t normally l i e s at considerable depth beneath 
the coals smd even i n the rocks clos e l y adjacent to i t i n t o which i t i s 
i n t r u d e d the metamorphic e f f e c t s are not very widespread. Furthermore, 
the s i l l i s present i n j u s t as close proximity to the bituminous coals of 
the Northumbrian Trough as i t i s to the semi-anthracites of the Alston 
Block. Thus, the Great Whin S i l l can be discounted as the heat source 
which e f f e c t e d the v a r i a b l e r e g i o n a l d e v o l a t i l i z a t i o n . 
The only remaining possible source of heat i s the "Weardale graoiite" 
which was proved to un d e r l i e the Alston Block i n the Rookhope Borehole 
(Dunham et a l . , 1 9 6 1 ; Dunham et ad., i n press, 1965) f o l l o w i n g the vrork 
of Bott and Masson-Smith (1957) who predicted i t s presence subsequent 
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to d e f i n i n g a widespread low g r a v i t y anomaly over the Alston Block. 
Unfortunately the g r a n i t e i s pre-Carboniferous i n age and, consequently, 
no thermal metamorphic e f f e c t s i n Carboniferous rocks can be d i r e c t l y 
ascribed to i t . However, greater than normal heat-flow from or f a c i l -
i t a t e d by the g r a n i t e could possibly have caused the d e v o l a t i l i z a t i o n 
of the coals by a process of prolonged low temperature heating, cosQ. 
being a very s e n s i t i v e metamorphic rock. I n support of heat-flow from 
the g r a n i t e as an explcuiation of the . re g i o n a l v a r i a t i o n i n rank of the 
coals, i t can be pointed out t h a t the region of maximum d e v o l a t i l i z a t i o n 
t a l l i e s w i t h the area i n which the g r a n i t e i s nearest to surface, the 
l a t t e r being i n d i c a t e d by the g r a v i t y einomaly being at i t s greatest; 
thus, the coals are most a f f e c t e d where the g r a n i t e l i e s closest to 
them. As the g r a v i t y anomaly decreases away from the centre of the 
Alston Block, thus i n d i c a t i n g t h a t the grsmite l i e s correspondingly 
deeper below surface, so does the v o l a t i l e content of the coals r i s e . 
However, there i s a d i s t i n c t l o c a l f s i l l i n the v o l a t i l e content of the 
Coal Measure seams where the g r a v i t y anomaly i n d i c a t e s that the granite 
l o c a l l y approaches nesirer to surface around Cornsay and Burnopfield, both 
l o c a l i t i e s l y i n g to the east of the main granite prominence (Bott £ind 
Masson-Smith, op. c i t . ) . 
Thus, although the d e v o l a t i l i z a t i o n of the coals can not be ascribed 
to conventional thermal metamorphism r e l a t e d to i n t r u s i o n of the 
"Weaordale g r a n i t e " because of the l a t t e r ' s pre-Csirboniferous eige, there 
i s c l e a r evidence from the c o r r e l a t i o n of the granite's g r a v i t y anomaly 
w i t h the r e g i o n a l v a r i a t i o n i n rank to suggest an intimate association 
which i s here considered to be r e l a t e d to somewhat greater than normal 
heat-flow permitted by the g r a n i t e . This suggestion awaits confirmation 
by the thermal c o n d u c t i v i t y work at present being c a r r i e d out i n the 
Rookhope Borehole by the Geophysics Section of the University of Durham 
Department of Geology. 
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APPENDIX I I 
LIST OF FOSSILS 
As pointed out i n Chapter V I I , i n a number of cases s p e c i f i c mention 
of the cyclothem's f o s s i l content has been made i n the t e x t of t h i s work 
and, i n a d d i t i o n , various works have been enumerated i n which l i s t s of 
f o s s i l s r e l a t i n g to the cyclothem have been presented. The f o s s i l s l i s t e d 
i n d e t a i l below aire those c o l l e c t e d and i d e n t i f i e d during the present work 
from the Coal S i l l s Group of the Alston Block and immediately adjacent 
areas; no d e t a i l s of the fauna of the Great Limestone on the Alston Block 
are given here since t h i s has been dealt with at considerable length i n 
Chapter I I I . The f o s s i l s are l i s t e d i n r e l a t e d groups f o r the purpose of 
c l e a r presentation. 
Cordaites sp.; Lepidodendron sp.; Stigmaria sp.; Plant debris i n d e t . ; 
Plant r o o t l e t s i n d e t . 
Sponge i n d e t . ; Sponge spicules i n d e t . 
Zaphrentids i n d e t , 
"Annelid" t r a c k s ; "Annelid" boring tubes; Crossopodia sp.; ?C. sp.; 
Serpula sp, 
Archaeocidarid inter-ambulacral p l a t e s ; Archaeocidarid spines; Crinoid 
calyx p l a t e s i n d e t . ; Crinoid ossicles from less than 1 mm. to 13 mm. i n 
diameter, generally separate but some a r t i c u l a t e d lengths; ?Platycrinus sp. 
Fenestella sp.; Penniretepora sp.; Rhabdomeson sp. 
Actinoconchus planosulcata ( P h i l l i p s ) ; A t h y r i s sp,; Buxtonia scabricula 
( M a r t i n ) ; Camarotoechia pleurodon ( P h i l l i p s ) ; Chonetes hardrensis ( P h i l l i p s ) 
group; C. speciosus Cope group; C, sp..; Dictyoclostus sp.; ?D. sp.; 
Echinoconchus sp.; ?E. sp,; Eomarginifera lobata ( J . Sowerby); E. l o n g i -
spina ( J . Sowerby); ?E. sp,; Gigantoproductus l a t i s s i m u s ( J , Sowerby) 
group; G. group; Lingula m y t i l l o i d e s J. Sowerby; Orbiculoidea sp.; Ortho-
t e t i d s i n d e t . ; ?Overtonia f i m b r i a t a ( J . de C. Sowerby); ?0. sp.; 
Phricodothyris sp.; ?P. sp.; Productus concinnus J. Sowerby; P. ?concinnus 
J. Sowerby; c . f . P. concinnus J. Sowerby; P, c.f. productus ( M a r t i n ) ; 
P. spp.; Productid spines i n d e t . ; Schellwienella c r e n i s t r i a ( P h i l l i p s ) ; 
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S. rotundata I . Thomas; S p i r i f e r c .f. bisulcatus J. de C. Sowerby group; 
S. s t r i a t u s (Martin) group; S. t r i g o n a l i s ( M a r t i n ) ; S. sp.; Smooth 
S p i r i f e r s i n d e t . 
Allorisma s u l c a t a (Fleming); Amusium c.f. planicostatum (M'Coy); A. c.f. 
tenue (de KQninck); Aviculopecten d i s s i m i l i s (Fleming); A. c.f. perradiatus 
(de Koninck); A, sp,; ? C y p r i c a r d i e l l a concentrica (Hind); Edmondia c,f, 
arcuata ( P h i l l i p s ) ; E, c . f . expansa (Hind); ?E. laminata P h i l l i p s ; ?E. c.f. 
transversa Hind; E. sp.; Juvenile Lamellibrainchs; Nuculana attenuata 
(Fleming); N. ?attenuata (Fleming); N. l a e v i s t r i a t a Meek and Worthen; N. 
c. f . l a e v i s t r i a t a Meek and Worthen; N. c.f. s t i l l a (M'Coy); Nuculids i n d e t . ; 
Nnculopsis gibbosa (Fleming); Pectenids i n d e t . , Posidoniella sp.; 
Protoschizodus sp.; Pterinopecten c . f . granosus ( J . Sowerby); Seinguinolites 
p l i c a t u s ( P o r t l o c k ) ; Solenomorpha sp. 
A c l i s i n a sp,; Bellerophon sp.; Bucamiopsis sp.; Coleolus sp.; ?C. sp.; 
Dentalium sp,; Euphemites u r e i (Fleming); E. sp,; ?E, sp.; Glabrocingulum 
sp.; Loxonema sp.; ?L. sp.; Murchisonia sp.; ?M. sp.; Naticopsis sp.; 
?N. sp.; S t r a p a r o l l u s sp.; Turreted Gastropods i n d e t . 
?Coelonautilus sp.; Cycloceras sp.; Orthoconic N a u t i l o i d s i n d e t . , Pseudor-
thoceras sp.; Stroboceras sulcatum ( J . de C. Sowerby). 
T r i l o b i t e s i n d e t . ( p y g i d i a ) ; Weberides mucronatus (M'Coy). 
Ostracods. 
Bradydont crushing p l a t e s ; Fish bone fragments i n d e t . 
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Granite beneath the Northern Pennines 
A F U L L Y cored borehole sited at Rookhope 
(ArF35/937,428), West D u r h a m , has proved the 
existence of granite at 1,281 ft. depth directly beneath 
L o w e r Carboniferous (Visean) strata. T h e drilling, 
which is s t i l l in progress, is financed b y the Depart-
ment of Scientific and Indus tr ia l Research, and 
forms par t of a programme of geological and geo-
phys ica l investigation by the D u r h a m Colleges 
Geology Department . 
T h e background o f the operation is as follows. 
T h e lead-z inc- f luor ine-barium deposits, which occur 
as veins and replacements in the Carboniferous 
rocks of the northern Pennines, were shown by K . C . 
Dunham' '* to exhibit a concentric pattern of regional 
mineral zones, suggesting that mineralization « a s 
due to heated solutions, rising at a l imited number of 
centres, and thereafter distributed laterally along 
channels conditioned by hard beds in the Yoredale 
sequence. A c i d magmatic ac t iv i ty at depth was 
considered to be a possible source of the solutions. 
L a t e r on, M . H . P . B o t t and D . Masson-Smith' , 
following up a strong negative Bouguer anomaly, 
first noticed during a traverse b y J . Hospers and P . L . 
Willmore*, made a detailed gravimeter survey of the 
region. T h i s revealed a negative grav i ty anomaly of 
35 milligals amplitude closely similar in character to 
the gravi ty field over exposed granitic batholiths 
wi th roof cupolas, such aa the Cornubian batholith. 
Furthermore , certain features of the anomaly were 
considered to be inconsistent with interpretation as 
a s e d i m e n t a r y basin. Under the Alston Block , the 
cupolas indicated by the gravi ty survey correspond 
exact ly with the postulated emanative centres of 
the mineralization. When the gravi ty survey was 
published, it was suggested that the most probable 
explanation was that a granite of Permo-Carboni-
foro\is age underlay the area, and that it not only 
supplied the mineralization, but also contributed to 
the devolati l ization of the coal seam.s in the area. 
U s m g a method of calculation devised in collaboration 
wi th R . A . Smi th , B o t t ' showed from the magnitude 
of the second derivat ive of the anomaly that the top 
Burfftoe coi'ld not be deeper than 3,500 ft . below 
Wedii i i i lr . Ko upper l imit to the depth can be placed 
from the grav i ty data, but having regard to the fact 
that nil contact ir.etamorphism is seen in the expo.sed 
Carl)oriif'cri:iiis rofk.-; I'xeopt. near the W h i n iSili. he 
concluded that, t.ho probiil.ilc depth was botw(>on 
2.000 and 3,000 ft,. Tlio postulated granite has 
become known as the 'W'eardale granite'. 
T h e borehole commenced near the top of the Croat 
Limestone, .'),')0 ft. from the .surface position of the 
hanging wall of the R e d V e i n , one of the most 
powerful W . N . W . ohanncl.s of mineralization in the 
flL'^trict, w i lh a yield so far of 460,000 tons of fluorspar 
and 48,000 ions of galena. I l i e collar of the boring 
also 500 ft. from the hanging wall of the E . N . R . 
Bol tsburn V e i n , a weak but very persistent fracture, 
which ha.s yicldeil 143,000 ton.s of galena, i i iainly 
from associated replacement.-^. B o t h veins dip to-
wards the boring, which sited so as to pa.ss 
ihrough them at depth. Below the Great LimesLono, 
the base of whicli is taki'U as the Visean -Xauiur ian 
boundary in northern Kiigland. a noi'uial Middle 
Limestone Group succo.s.sion was encountered. T w o 
quartz-dolerite sills were pi-oxed in the.-^ -! heil.s; tlio 
L i t t l i ! W h i n .Sill, C ft. thick, is intruded into the 
Three Y a r d Limest(Juo, and the (Jreat Wl i in S i l l . 
200 ft. thick, lies beneatli the .Jew Limestone. T h e 
base of the. Middle. Limestone Group remains to be 
defined exact ly when the faimal study of the cures 
has been carried out. but the expected change from 
dark bluc-grey limestone to pal(; grey limestone 
shows the approximate position of this boundary. 
T h e L o w e r Limestone (.iroup is represented by an 
alternation of light grey limestones, sliales and 
sandstones; no massive Melmerby iScar Limesiotie 
s>u:h lus is present below Cross F e l l is de\ (!loped; 
but the typical 'pseudo-breccia' lithology eharacter-
istic of this liinestone is present in some of the bands. 
Beneath the.se light-coloured limo-.stones. black shale 
with very th in quartz- and feldspar-bearing <:on-
glomerate beds rest directly on weathered granite 
which in a few feet gives place to fresh, well-foliateil 
microcline-quartz-muscovite-oligoclase rock. T h e 
foliation is nearly horizontal, and aplitc and peg-
matite ban<,ls occur at various angles. 
Sio far, ten intersections of metalliferous minei-ali-
zation have been made. O f eight in the Carboniferous, 
three are horizontal replacements in limestone and 
one of these is 16 ft. thick, r ich in green fluorito 
anfl sphalerite. T w o ty|Dical Pennine Zone I veins, 
carrying pyrrhotite. fluorite. quartz, have been 
intersected within the granite at 1,349-1,363 ft. and 
at 1.585-1,656 ft., the latter being accompanied by 
extreme alteration of the granite. 
T w o definite conclusions may be drawn at this 
stage: (1) the granite so far proved is of pre-Carboni-
ferous age; (2) the mineral veins wore fed from .some 
-source- beneatli that part of the granite so far drilled. 
To these may be added tlie suggestion that the buried 
pre Cnrboniferous cupolas .served to localize the 
upward flow of mineralizing fluids into the Carboni-
ferous roitU.s. 
K . C . DUNH..\M (!. .A. L . .louN.SON 
M . H . P . B O T T B . L . H O D C K 
I department of Geology. 
U m v e r s i t y Science Laboratories . 
South R o a d , D u r h a m . 
' Diliiliuui. K . ('.. Quart. J. Ufol. 90, ii8'.l (I'.i*!). 
' DiiMlijiTii. Jv. ("'.. "lit'Olopy of the XortlH'Mi IN-nniiit.' rrri'n:Iil". Mfiu, 
Cmt. Siirr.'li ( U)4S). 
' Holt, M. I I . 1'.. and M.issfin-Sniitli. I).. Geul. Mail.. 90, 127 
Quart. J. Cfiil. .Sir.. 113, 9.T (liJDT). 
• llospers. .1.. iind Willmorc, I'. 1... ' . W . 90, 117 (I'JO:!). 
' Itiitt, M. I'. I L , (teol. .Mail.. 97, ,",11 (liiOO). 
Isotopic Ages of the Weardale Granite 
.\r,n determinations have, been carri(?d out on 
muscovite from the Weardale (.'ranite' by both the 
nd i id ium st,rontium and potassium-argon mi^thods. 
One. speciuK^n from a deiith of 1.396 ft. in the borehole 
was measured by both methods, while, another from 
1.314 ft. was measured by the potassium-argon 
methoil only. 
Isotopic flilution techniques were employed for the 
determination of rubidi imi. strontium and argon. A 
(lame photometric method was employed to determ-
ine potassiimi. T h e results for the rub id ium-
strontium metho{l arc given in Table I , and those 
for the potassium-argon method in Table 2. 
.•VII the results agree within the l imits of error. 
.Agreement between the t wo methods makes it highly 
probable that the weighted mean of the four figures 
Table ] . RfBlDU-.M-.STRONTU.M 1)E ER.MIflATlON.S ON MCSCOTITB 
Normal Radiogenic 
IJeplh of sample Rubidium strontium strontium Age (in.yr.) 
(ft.) (p.p.m.) (p.p.m.) (p.p.m.) 
1,396 76? 19-4 1 ) 5 360 ± 12 
I.39fi 757 19 6 1 15 3fifl ± )2 
Decay constant of rubiUium-S7 = 0 1475 x 10"'° yr."' 
Table 2. PoT.4SsirM-.ARGO.v IJETKRMIXATIONS ON MUSCOVITE 
Depth of K,(J Weight Radiogenic Almnsplieric 
.s.nmple (per fused arijon argon Age (m.yr.) 
(ft.) cent)* (gm.) (p.p.m.) (percent) 
1,396 10 01 2 034 0 240 17-4 370 ± )0 
1,314 10-26 3-2U1 0.23y 24 356 ± 12 
Decay const.Tuts of potassium-40: A« = 0-584 x lo-'^yr."' 
XB = 4-72 X lO-'^yr.-' 
Isotopic abundance of potasgium-40 = 0-0119atom percent 
• Potassium analyses by Dr. N. J . Snelling. 
is close to the true age of einplaceinout of the granite. 
T h e following points may be noted: (i) T h e weighted 
mean of 362 + 6 million years corresponds to a 
Middle or L a t e Devoniai i age of emplacement, 
according to the latest time-scales"-'. T h e i.sotopic 
residts therefore agree with the borehole evidence 
for the pro-Carboniferous age of the granite, (ii) T h e 
age of the Northern Pennine mineralization from the 
field evidence* is undoubtedly post-Carboniferous 
and pi'obably pre-Tort iary. F r o m lead isotope 
measurements by Moorbath' tlie mean model age of 
Northern Pennine galenas is 280 + 30 million years, 
indicating that the mineralization is in fact of Her-
c>aiian age. T h u s , from the lead isotojae data and the 
absolute ages, as well as from the obser\-ations re-
ported in the preceding comi^\mication, the northern 
Pennine mineralization is not connected with the 
emplacement of the VVeardale granite. (iii) T h e 
weighted mean of 302 + 6 million years for the 
Weardale granite is significantly younger than the 
dates for the Shap granite given by K u l p ei al.'^. 
These authors obtained 391 + 7 million years by 
the potass ium-argon method and 381 + 7 million 
years by the rubid ium-s tront ium method. U n -
published rubidium-Ktront ium results obtained a t 
Oxford on the Skidi law granite suggest that the 
latter ma}' be contemporaneous wi th tlie Weardale 
granite. 
W e are indebted to Prof. JTunham for supplying 
the material for this investigation. 
M. H . DoDSON 
S. MOORB.^TH 
Department of fJeology and Mineralogy, 
U n ! \ e r s i t v Museum. 
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S U M M A B Y 
During the last few years evidence has been accumulating which has 
indicated that the junction between the Lower and Upper Carboniferous, the 
Visean-Namurian junction, lies in the vicinity of the Great Limestone at the 
base of the Upper Limestone Group. The zonal evidence for the position of 
this bomidary is reviewed and five new goniatite records from this part of 
the succession are described. Two have a direct bearing on the boundary 
problem—Gravenoceras leion Bisat, the basal goniatite of the Namurian, from 
the shales above the Great Luuestone at Gieenleighton quarry, Northumber-
land, and Cravenoceraa BS. malhamense (Bisat) from the shales above the Little 
Lunestone in Swinhope Burn, Eas t Allendale. The base of the Namm-ian is 
now shown almost certainly to lie between the Four Fathom Lmiestone and 
the Great Lunestone; the base of the latter is shown to be the nearest suitable 
mapping horizon for the base of the Millstone Grit Series. 
INTEODUCTION 
The position of the Visean-Namurian junction was agreed at 
an international meeting shortly after the publication of l l r . W. S. 
Bisat's classic work on the zonal distribution of Carboniferous 
goniatites in the southern Pennines (Jongmans, 1928, p. X L I V ; 
Bisat, 1924; 1928). The change in goniatite faunas, characterized 
by the extinction of the genus Sudeticeras and the inconiing of the 
genera Eumorphoceras and Cravenoceras, is now regarded as 
indicative of the Namurian base and this horizon can be determined 
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accurately in the southern Pennine area. The boundary was 
chosen by Wright et al. (1927) as the base of the Millstone Grit 
and i t has been used in this way by subsequent authors. I t is now 
the general practice to identify the junction between the Millstone 
Grit and Carboniferous Limestone with ti iat between the Upper 
and Lower Carboniferous (the Visean-Namurian junction) though 
locally the stratigraphy may require a slight departure f rom this 
principle (see Earp et al., 1961, p. 5). 
When the Carboniferous succession is traced northwards f rom 
the southern Pennine and Craven Lowland areas, rapid facies 
changes occur in the vicinity of the Craven faults. I n the Northern 
Pennines, on the other side of the fault belt, Yoredale cyclothemic 
deposits, in which goniatites are rare fossils, were laid down. 
Owing to this the exact horizon of the Namiuian base and, by 
custom, that of the Millstone Grit, has been difficult to fix here. 
This is particularly true of the early period of research into these 
sequences wheii there was no sound palaeontological basis of 
classification and beds of various ages came to be included under 
the term Millstone Grit. New goniatite evidence bearing on these 
problems is the substance of this communication. The specimens 
here described or figured, wi th numbers prefixed GSM and GSL 
are in the Geological Survey collections at London and Leeds 
respectively; those prefixed R A F are in Mr. R. A. Fairbairn's 
collection at Newcastle, and the remainder, including Cravenoceras 
sp. f rom the Swinliope borings, are in the University Geological 
Department at Durham. 
I I . T H E MILLSTONE G R I T PROBLEM IN NORTHERN ENGLAND 
I n the first and second editions (1809, 1821) of Westgarth 
Forster's treatise on the strata of the Northern Pennines the term 
"Millstone Gri t" is used in the early sense for a particular coarse 
sandstone, twenty-seven feet thick, in the sequence below the 
Brockwell Coal. I n the second edition he calls the lower part of 
the Carboniferous succession the "Lead Measures", with the top 
at the base of the sandstone next above the Grindstone Sill. This 
line has been taken as the base of the local Millstone Grit by 
subsequent workers in north-eastern England, including the 
primary and later surveyors of the Geological Survey. 
A lithological division of the Carboniferous System into 
Mountain Limestone with Yoredale Series, Millstone Grit and Coal 
Measures was applied to the succession of north Yorkshire by 
Phillips (1836). This particular classification is applicable to only 
part of the Pennine region and attempts to use i t outside this area 
have led to much confusion. Thus tlie .Yoredale facies descend 
lower when traced from the Pennines northwards, and southwards 
these beds are replaced by different sedimentary facies. The 
Millstone Grit, so characteristic in the Pennines, loses its identity 
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in Northumberland owing to lithological changes and when traced 
south to the Midlands i t dwindles and disappears. 
I n the Yorkshire Pennines Phillips (1836) fixed the base of his 
Millstone Grit at the top of the Main ( = Great) Limestone, the 
last thick limestone band of his underljdng Yoredale Series. This 
horizon was not easily traced outside the Northern Pennines. The 
Millstone Grit Series was first defined by Hul l and Green (1864) in 
the region about the borders of Lancashire, Staffordshire and 
Derbyshire. They attempted to strike a parallel between the 
sequence there and Phillips' sequence in the Northern Pennines 
and limited the Millstone Grit Series to the four grits between the 
top of the Rough Rock and the bottom of the Kinder Scout Grit. 
Farther north the Millstone Grit of Northumberland and Durham 
was defined by Tate (1868) to include all the beds from the top of 
the highest limestone, with marine fossils, to the base of the 
Brockwell Coal, the lowest workable seam of the Coal Measures. 
When the primary surveyors of the Geological Survey mapped 
northern England during the latter part of the last century they 
f u l l y realized the confusion surrounding the strata grouped and 
mapped as Millstone Grit. I n the Mallerstang Memoir (Dakyns 
et al., 1891) i t is stressed that the boundary between the Yoredale 
rocks and Millstone Grit is a disputed point, the chief difficulty 
arising from the changeable and impersistent character of the 
sandstone beds (op. cit., p. 12). They point out that on their maps 
of northern England the base of the Millstone Grit is taken at 
three different stratal positions: the top of the Great ( = Main) 
Limestone, the base of the Ingleborough Grit, and in the north, at 
the base of the sandstone next above the Grindstone Sill. 
A new resurvey of northern England was started by the 
Geological Survey in the 1920's and on their initial maps the 
interpretation of the Millstone Grit by Tate and Westgarth Forster 
was used and the underlying beds were placed in the Upper, 
Middle and Lower Limestone Groups (Carruthers, 1924). I n the 
revision of the geology of the Brampton district of east Cumberland 
(Trotter and Hollingworth, 1932) the Upper Limestone Group was 
taken to include all the strata up to the base of the Coal Measures 
and the term Millstone Grit was not used, the authors claiming 
rightly that there is little change in the sedimentary facies between 
the base of the Upper Limestone Group and the base of the Coal 
Measures, and that faunas of Lower Carboniferous type occur 
nearly to the top of the succession. Furthermore they stress the 
arbitrary nature of the Upper Limestone Group-Millstone Grit 
junction chosen by previous workers in the north of England 
{op. cit., pp. 98-9). I n the Northern Pennines Dunham (1948) 
retained the Westgarth Forster classification of the Carboniferous 
succession but stated that the "local Millstone Grit" , above the 
Grindstone Sill sandstone, was equivalent to only part of the f u l l 
Millstone Grit succession of south-east Yorkshire. He anticipated 
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the present findings correctly, stating that, on the evidence then 
available, part if not most of the Middle Limestone Group belongs 
to the P Zone and much of the Upper Limestone Group to the 
E Zone (see also Fig. 1). 
The position of the Visean-Namurian junction in the Northern 
Pennines remained unknown unti l relatively recent years. This 
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F I G . 1.—Generalized vertical section of the Carboniferous rooks above and 
below the Visean-Namurian junction in north-eastern England, 
showing the position of the more important goniatite records. 
boundary was discussed by Hudson and Cotton (1943, p. 170, foot-
note) who suggested that i t must lie in the vicinity of the Middle 
( = Scar) Limestone; Trotter (1952, p. 94) agreed. New evidence 
in the form of goniatite records f rom the Northern Pennines, 
described by Rayner (1953, p. 286), suggested that the boundary 
was rather higher in the succession and the Visean-Namurian 
junction was tentatively placed near the base of the Great Lime-
stone {op. cit., p. 288). I n general agreement with this, George 
(1958, p. 297) took the Four Fathom and Undersett Limestones 
and their lateral correlatives as approximately defining the top of 
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the Visean Stage. When the revision of the Cockermouth district 
(one-inch sheet 23) was published by the Geological Survey in 
1959 the base of the Millstone Grit Series was taken at the top of 
the Great, or First, Limestone. The base of the Namurian was 
taken at the base of the Great Limestone by Johnson (1958; 
1959), though Trotter (1960, p. 5) took the top of this limestone 
for this junction in the Lexique Stratigraphique International. 
Opinion has been satisfied that the Visean-Namurian junction lies 
in the vicinity of the Great Limestone. Detailed confirmation of 
this view required more goniatite records in or near the Great 
Limestone and this evidence has now been found. 
I I I . VISEAN-NAMUEIAN JUNCTION FAUNAS 
The junction between the Visean and Namurian in Western 
Europe is determined by goniatite faunas and in Great Britain 
these are best known in the Rowland Shales, Yorkshire, and the 
equivalent shales of Derbyshire. A t this junction the goniatite 
genera Sudeticeras, Girtyoceras and Lyrogoniatites disappear and 
representatives of Eumorphoceras and Cravenoceras enter. The 
horizon at which Cravenoceras enters is taken as the base of the 
Namurian (Bisat, 1930) and hence of the Upper Carboniferous. 
The general succession of faunas at this junction was described by 
Bisat (1950) and more recently the goniatite faunas of the Bowland 
Shales in the Clitheroe district have been described in detail by 
Ramsbottom (1961, p.. 182 et seq.). 
Though goniatites are the index fossils for determining the 
horizon of the base of the Namurian, certain other fossils have 
been found to have a limited vertical range and to be of value. 
Important amongst these are Tylonautilus nodiferus (Armstrong) 
and Caneyella [Posidonia] membranacea (M'Coy); T. nodiferus has 
a broad zonal significance in the Namurian succession. Two forms 
of the species have been distinguished by Stubblefield (see Trotter, 
1952, p. 86) and in particular an early mutation which occurs high 
in the P j Zone and in E j . The distribution of T. nodiferus on the 
Askrigg Block was confirmed by Rowell and Scanlon (1957, p. 3) 
who show that the early mutation ranges throughout E j , and 
T. nodiferus s.s. has a limited range in the E2 Zone. Caneyella 
[Posidonia,] membranacea (M'Coy) also has a restricted range in 
the vicinity of the Visean-Namurian junction and according to 
Parkinson (1936, p. 317) enters at about the middle of P j and 
continues upwards into the E j Zone; recent work in the Clitheroe 
district has confirmed this general distribution (Ramsbottom, 
1961). Another useful fossil indicative of an tipper Visean 
succession is the foraminifera, Howchinia bradyana (Howchin), 
which disappears in the upper part of the P j Zone but ranges 
downwards well into the D Zone of the Visean (Davis, 1951, p. 
248). 
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A more general change in the faunas, apart f rom goniatites, 
near the base of the Namurian has been described from western 
Northumberland (Johnson, 1959, p. 120 et seq.). The change is 
characterized by the disappearance of certain Upper Visean species 
while a few Namurian species enter. Recent work by one of us 
(G.A.L.J.) has shown that the range of fossils at this horizon on 
the Alston Block is generally similar to that which was found in 
western Northumberland. 
I V . SUCCESSION AND I N D E X FAUNAS 
(a) General sequence 
I n northern England the succession of beds in the vicinity of 
the base of the Namurian lies between the Five Yard Limestone 
and the Great Limestone (Fig. 1). This succession forms part of a 
well-developed series of cyclothems which are laterally persistent 
throughout much of northern England (Rayner, 1953; Johnson, 
1960, 1962; Johnson and Dunham, 1962). The general sequence 
in each consists of the following members in upward succession: 
limestone, marine shale, ferruginous shale, sandstone, ganister or 
seat earth, coal. A more detailed sequence for the standard cyclo-
them of the Northern Pennines wi l l be found in Dunham (1950, 
p. 50) and details of those in the Wensleydale region and the 
Northumberland Trough are given in Hudson (1924) and Johnson 
(1959) respectively. 
The palaeontological sequence in the cyclothems gives 
positive evidence of division into a lower marine series and an 
upper deltaic and terrestrial series. The limestones and the lower 
part of the shales are marine; the former are crinoidal and contain 
numerous brachiopods and corals. Above the shales the more 
coarsely clastic divisions begin with sandy-shales and sandstones 
before the main sandstone member. A thin coal seam resting on a 
seat earth or ganister is present above the sandstone in many 
cyclothems. The increase in grain size of the clastic sediments is 
a constant factor and the clay mineral fraction of the sediments 
also varies, illite clays being dominant in the marine beds while 
kandite minerals (kaolin group clays) are often present in quantity 
in the deltaic and terrestrial parts of the cyclothem (Johnson, 
1960, p. 122). 
The lateral persistence of the marine horizons is important in 
determining the stratigraphical position of the successions owing 
to the rare occurrence of the goniatites, and their scattered dis-
tribution at isolated localities spread over the region. No 
succession of goniatite-bearing horizons in one stratal section has 
been found and indeed at several localities only single specimens 
have been collected. Much work has been carried out on the lateral 
correlation of the Carboniferous succession during the last hundred 
years and there is agreement on the general persistence of many 
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of the major marine horizons. Thus the Great ( = Main) Limestone 
can be correlated owing to the presence of a series of biostromes 
which are a persistent feature of this horizon from Northumberland 
to Yorkshire (Johnson, 1958); i t is also the most important lead-
zinc ore bearing horizon in the Pennine orefield and is known in 
great detail in many shafts and mine workings throughout the 
area. Using all available data the structure of the Northern 
Pennine orefield has been illustrated by structure-contours on the 
base of the Great ( = Main) Limestone (Dunham, 1959, p. 124). 
A l l evidence supports the view that the Great Limestone and its 
lateral equivalents are persistent and recognizable throughout 
north-eastern England and this is equally true of the other major 
marine horizons. 
(b) Scar Limestone Gyclothem 
Several goniatites have been collected from the shales immedi-
ately above the Scar Limestone of the Alston Block. The most 
important came from Bowlees quarry, near Middleton-in-Teesdale, 
and include Goniatites cf. granosus Portlock (Rayner, 1953, p. 286) 
and Sudeticeras cf. splendens Bisat.^ G. granosus is the index 
fossil of the P23 Zone and S. splendens occurs in a band at the base 
of the Neoglyphioceras subcirculare Zone, Pj^; an horizon at the 
top of the Pjj, Zone is indicated by these specimens. Other 
goniatites have been found at the same horizon on the Moor House 
National Nature Reserve, near Cross Fell, and include Girtyoceras 
sp. and several specimens which have been tentatively identified as 
either Beyrichoceratoides or Anthracoceras (Johnson and Dunham, 
1962); they are not of zonal value. A lamellibranch tentatively 
referred to a small form of Caneyella [^Posidonia] membranacea 
(M'Coy) is fairly abundant at the same horizon and is of interest as 
the lowest record of this species in the region. The range of C. 
membranacea in northern England is limited to high Visean and 
low Namurian beds (p. 346). 
(c) Five Yard Limestone Cyclothem 
One of the earliest goniatite records on the Alston Block 
comes from the Roddymoor boring at Crook, Co. Durham. Here 
Girtyoceras sp. was obtained with other fossils from shales over-
lying the Five Yard Limestone of Woolacott's correlation 
(Woolacott, 1923; Dunham, 1948, p. 11). Another goniatite is now 
recorded f rom this horizon by one of us (G.A.L.J.), in Middle 
Tongue Beck, on the west side of Great Dun Fell, Westmorland 
(Johnson and Dunham, 1962); the specimen, Sudeticeras newtonense 
Moore, was found in situ in the outcrop of the Five Yard Limestone 
on the south side of the burn. I t is well-preserved and uncrushed, 
1 Collected by Dr. G . H . Mitchell. See report of field meeting at Middleton-
in-Teesdale, May 1957. Proc. Torks. Geol. Soc., 1958, 31, 326-7. 
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in limestone matrix, and has a maximum diameter of thirty-eight 
millimetres. Well-developed constrictions are visible on the shell, 
which is ornamented with very fine transverse and concentric 
striae; the suture line is clear and compares closely wi th S. 
newtonense f rom the Neilson Shell Bed figured by Currie (1954, 
p. 589, text-fig. 7, No. g l ) . The determination of the specimen, 
now in the Geological Survey Museum (GSM. Zl 7324), has been 
checked by Dr. Ramsbottom and Mr. Bisat. The type specimens 
of S. newtonense come from Newton GiU, near Long Preston, 
Yorkshire, where they occur wi th Sudeticeras a,S. ordinatum 
Moore at twenty-five feet above the Sudeticeras splendens band 
(Moore, 1950, p. 45); the horizon is Pjb. Sudeticeras ordinatum 
Moore, P2h, has been recorded f rom the shales above the Five 
Yard Limestone of the Coverdale district on the Askrigg Block 
by Wilson (1960, p. 293) and the zonal position of this limestone 
is thus clear. 
(d) Three Yard Limestone Cyclothem 
The only goniatite record f rom the Three Yard Limestone 
Cyclothem of the Northern Pennines comes f rom the Alston 
Block where a single specimen^ was found in calcareous shale just 
above the limestone where i t crops out on the west bank of 
Ireshope Burn. The goniatite is flattened on a bedding plane but 
a fair amount of detail is preserved. Dr. Ramsbottom reports 
that i t partly resembles a specimen which was found in the P^ ^ 
Zone in the Alport boring at a depth of 1098-9 feet. The Alport 
specimen is in the Geological Survey Museum collection (GSM. 
Zf 4701-2) and was tentatively referred by Mr. Bisat (1950, p. 120) 
to an early form of the Cravenoceras leion stock. The new goniatite 
from the shales above the Three Yard Limestone is not the same 
species as the Alport specimen in Dr. Ramsbottom's opinion and 
at the present time i t remains unidentified. 
I n north Northumberland Sudeticeras adeps Moore has been 
recorded from the shales above a limestone mapped as the Acre 
( = Three Yard) Limestone by the primary surveyors of the 
Geological Survey (Trotter, 1952, p. 94; Rayner,. 1953, p. 286). 
The correlation of the Acre with the Three Yard Limestone has 
recently been discussed by Johnson (1959, pp. 94, 112). S. adeps 
is indicative of P2C age. 
(e) Four Fathom Limestone Cyclothem 
The precise zonal position of the Four Fathom Limestone 
was proved by a goniatite fauna collected from the large diameter 
cores of a water boring put down near Barnard Castle, Co. Durham. 
' Collected by Mr. R . F . Goossens. See report of field meeting at Rookhope 
and Weardale, May 1961. Proc. Yorka. Geol. Soc, 1962, 33, 262-4. 
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The boring is sited at Mount Pleasant, one and a half miles south-
west of Barnard Castle on the road to Bowes (034152) and traversed 
594 feet of strata including the Main ( = Great) and the Undersett 
( = Four Fathom) Umestones. The Undersett Limestone was 
twenty-five feet thick in the boring and was separated by twelve 
feet of dark, fossiliferous shales from an overlying series of 
calcareous cherts (Fig. 2); this succession can be seen at outcrop 
i n the River Greta at Bowes less than three mUes south-west of 
the borehole. The f u l l depth of the borehole was cored and a large 
collection of fossils was made during the detailed examination of 
the cores. Eight goniatites were collected between four and six 
feet above the top of the Undersett Limestone, in the shales 
between the limestone and the chert beds. The shales are tough, 
black and pyritic, with Ul-developed bedding and approach a 
mudstone. Fossils are abundant and include nautOoids, lameUi-
branchs including Caneyella [Posidonia] membranacea (M'Coy) and 
gastropods; rarer brachiopods are also present. The goniatites 
have been examined by Mr. Bisat and Dr. Stubblefield who 
identify some of them as follows: 
Bepth at 
which found 
Museum 
Number 
feet 
359 GSM. 85048 Oirtyoceras cf. waitei Moore or 
0. cf. ahorrocksi Moore 
359 GSM. 85049 Sudeticeras sp., juv. 
359 GSM. 85050 Oirtyocerasi costatum Ruprecht 
361 GSM. 85244 ' Girtyoceras sp. 
361 GSM. 85245 Oirtyoceras sp. 
The horizon of Girtyoceras? costatum is known with some 
certainty. This goniatite was found to be abundant in the Pj^ 
Zone in the Alport boring (Hudson and Cotton, 1945) and occurs 
elsewhere at this horizon. Similarly all the types of Girtyoceras 
shorrocksi come from the Lower Bowland shales near Dinckley 
Ferry, River Ribble, Lancashire, near the top of the Pj^ Zone 
(Moore, 1946, p. 413). The type specimens of G. waitei Moore 
also come from the Pj^ Zone at a locality near HiUy Clough Farm, 
Weets HiU (Ramsbottom, 1961, p. 186). The highest Visean 
goniatite faunas include Girtyoceras shorrocksi and Girtyoceras? 
costatum according to Bisat (1950). Girtyoceras waitei occurs 
shghtly above G. shorrocksi in both the Alport boring, and the 
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Whinney Gill Reservoir exposure at Skipton, Yorkshire (Bisat, 
1950, pp. 112-3). The goniatite fauna collected from the shales 
above the Four Fathom Limestone in the Mount Pleasant boring 
can thus be reliably assigned to the upper part of the P2^ Zone 
of the Visean. Since the discovery of the Mount Pleasant goniatite 
fauna, a search has been made of outcrops of the shales above the 
ScQl( in f««t 
G o n i a t i t * 
tauna 
L E G E N D 
M A I N ( = G R E A T ) L I M E S T O N E 
S A N D S T O N E 
^ S H A L Y S A N D S T O N E 
S H A L E 
PT'TI L I M E S T O N E 
C H E R T 
f . A P L A N T R O O T L E T S 
F I G . 2.-
U N D E R S E T T C H E R T S 
U N D E R S E T T ( = F O U R F A T H O M ) 
L I M E S T O N E 
-Vertical section of the Undersett ( = Four Fathom) Cyclothom and 
the overlying Main ( = Great) Limestone proved in the Mount 
Pleasant boring at Barnard Castle, Co. Durham, showing the position 
of the top Vis lan , age, goniatite fauna. Permission to publish 
geological data from the Mount Pleasant borehole has been kindly 
granted by Barnard Castle U . D . C . 
Four Fathom Limestone for further specimens. Fragmentary 
goniatites have been found at several localities but none has been 
identifiable. The lamellibranch, Caneyella {Posidonia] membranacea 
(M'Coy), which occurs with the goniatites in the Mount Pleasant 
boring, has been found repeatedly in the Four Fathom Limestone 
shales on the Alston Block and also in western Northumberland 
(Johnson, 1959; Johnson and Dunham, 1962). The nautiloid 
Tylonautilus nodiferus (Armstrong), early mut., first appears in 
the Four Fathom Limestone shales where i t has been recorded in 
western Northumberland (Johnson, 1959, pp. 113-4). 
The highest appearance of Howchinia bradyana (Howchin) 
in the microfauna of the Four Fathom Limestone is of interest. 
The species was recorded as ranging from P2 down to the D Zone 
(Davis, 1951), and has been used in the interpretation of some 
Midland borings as an indicator of the proximity of D Zone 
massive limestones. On the Alston Block H. bradyana occurs for 
the last time in the Four Fathom Limestone and is fair ly common 
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in the hmestones below this (Johnson and Dunham, 1962). I n 
western Northumberland i t is a fairly common member of the 
microfauna of the limestones between the Five Yard and the Jew 
and makes its last appearance in the Three Yard Limestone 
(Johnson, 1959, p. 123). 
(f) Great Limestone Cyclothem 
The search for goniatites in the Great Limestone has con-
tinued for many years, since the limestone contains an abundant 
C o n i a t i t « j 
^ w i n h o p c B u r n ) _ > g ^ ^ T S 
Goniatitos 
(Boreholes) 
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I n r i z o n 
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E X I ri 
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4 0 
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PATTINSON SH.L 
LITTLE LIMESTONE 
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HIGH COAL SILL 
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LOW COAL SILL 
GREAT LIMESTONE 
P I G . 3.—a. Vortical section of the strata exposed in Greenleighton quarry, 
Northumberland, showing the Great Liniestone and the shale over-
burden with the horizon at which Cravenoceras leion Bisat is believed 
to occur. 
B, Vertical section of the Great Limestone and Little Limestone 
Cyclothems in the Swinhopehead area, Eas t Allendale, showing the 
position of the goniatite faunas in the shales above the Little Lime-
stone. The key to the ornament is given in Fig. 2. 
fauna at many places and the overlying shales are often richly 
fossiliferous. The limestone is the thickest and the most persistent 
laterally of the cyclothemic strata and is worked in many large 
quarries throughout its outcrop. Despite this wealth of exposure 
no goniatites had been recorded from i t or its a.ssociated shales 
Tintil one of us (R.A.F.) found specimens in the tip of overburden 
of a quarry near Greenleighton farm, Northumberland (035916), 
about nine miles NNW. of Belsay and just off the Belsay-
Rothbury road. 
The Great Limestone is worked here in a large quarry which 
also exposes some th i r ty feet of shale and sandstone (Fig. 3A). 
The overburden is removed, and forms large tips at the top of the 
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working face. The shale and argillaceous limestone of the tips 
are packed with fossils which weather out beautifully on the 
surface, and over the last four years six specimens of goniatites 
have been found. They are well preserved and uncrushed, i n 
calcareous nodules; similar nodules occur in the undisturbed 
shales approximately twelve feet above the top of the limestone, 
and this is probably the horizon of the goniatites. Unfortunately 
none has been found in situ, but in view of their rarity this is not 
surprising; the six known specimens have been found at different 
places on the tips. Other fossils in the shales include abundant 
brachiopods, particularly species of Chonetes, Productus and 
Spirifer, wi th lamelUbranchs, gastropods, crinoids and polyzoa. 
The shales also contain occasional, impersistent, silty, calcareous 
bands which are often rich in well-preserved specimens of Chonetes. 
Twenty-five feet above the limestones the shales grade upwards 
into very flaggy sandstones. 
TABLE I 
Dimensions of Cravenocesas leion Bisat from Greenleighton quarry, 
Northumberland 
Specimen 
Number Diameter Thickness Umbilicus 
mm. mm. mm. 
G S L . L Z 3406 13-5 10-5 30 
RAF/2 110 7-0 2-5 
RAF/3 130 8-5 2-5 
G S L . L Z 3407 110 80 20 
R A r / 5 140 10-5 40 
The Greenleighton goniatites have been examined by Dr. 
Ramsbottom and Mr. Bisat who report that all belong to the 
species Cravenoceras leion Bisat; the horizon is E j (Namurian). 
Cravenoceras leion is the index fossil of the Ej^ Zone and its 
entrance has been taken as the base of the Namurian (Bisat, 1930, 
p. 28). The specimens fit well into the C leion species group and 
have shells of subglobose form with an open umbilicus of a width 
about one-fourth of the diameter of the shell. The venter and 
flanks are broadly rounded and nearly semicircular in outline. 
The dimensions of five of the specimens are given in Table I . The 
external ornament is well preserved in some specimens (Plate 22, 
figs. 11-4) and consists of closely-set, thin, non-crenulate transverse 
striae, emerging from the umbilicus in a slightly forward direction 
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and bending to form a very shallow sinus over the venter. Shallow 
constrictions are developed on the shells. The suture Une is well 
displayed on some of the specimens (Plate 22, fig. 10) and shows 
the broadly rounded ventral saddles and narrow lateral lobes. 
Tylonautilus nodiferus (Armstrong), early mut., has been 
9 
Hopehead 
Swinhopehe 
Reservoir 
Swinhopi 
F I G . 4.—Map of the Swinhopehead area. E a s t Allendale, showing the inlier of 
Little Limestone in Swinhope B u m . The locality in the shales above 
the Little Limestone from which Cravenoceras aff. malhamense has 
been recorded is marked X . The key to the ornament is given in 
Fig . 2. 
recorded in the Great Limestone by Rhodes from the Smiddy Gill 
section of Swarth Fell (see RoweU and Scanlon, 1957, p. 3). 
(g) Lit t le Limestone Cyclothem 
Fragmentary goniatites identified as Cravenoceras sp. were 
found in the shales above the Li t t le Limestone in the cores of a 
series of borings put down near Allenheads in south Northumber-
land (Dunham and Johnson, 1962). They consisted of broken 
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fragments only (for example Plate 22, fig. 8) occurring between 
one foot three inches and eight feet above the top of the Li t t le 
Limestone. Further investigation of the Lit t le Limestone shales 
(B .L .H. and G.A.L.J.), however, was rewarded by the discovery 
of seven specimens, fourteen feet six inches above the limestone 
in Swinhope Burn, East Allendale (Fig. 4). 
The locality lies about a hundred yards below Swinhopehead 
reservoir, where the shales above the limestone are well exposed 
in the sides of a small, abandoned, outlet channel (828469); the 
limestone here forms ah inlier, and was identified by the primary 
surveyors as the Lit t le Limestone, which is confirmed by the 
present work (Fig. 3B). The nearest exposure is i n the new 
incline of Swinhope mine, 1550 yards to the west, where the dip is 
three degrees to the east; this dip carries the top of the limestone 
exactly to its position in Swinhope Burn. 
The goniatite-bearing shale is decalcified, micaceous, sHghtly 
silty, and contains small ironstone nodules; the specimens are not 
abundant and appear to be confined to a single band; they are 
accompanied by comminuted plant debris and marine fossils, 
including specimens of Chonetes, indeterminate orthotetids and 
lamellibranchs. Some of the goniatites are completely decalcified 
and occur as hollow external moulds, others are partly decalcified 
and some specimens are preserved in the solid state. 
T A B L E I I 
Dimensions of Cravenoceras aff. malhamense (Bisat) from Swinhope 
Burn, E a s t Allendale, Northumberland 
Specimen 
Number Diameter Thickness Umbilicus 
mm. mm. mm. 
G S L . L Z 3408 4 0 3-5 1-5 
G S L . L Z 3409 6 0 — 2 0 
G S L . L Z 3410 5 0 4-0 + 2-5 
5 8 0 4-5 2 0 
6 3-5 3 0 2 0 
G S L . L Z 3411 3 0 2 0 1 0 
The goniatites found in Swinhope Burn have been examined 
by Mr. Bisat and Dr. Ramsbottom and the latter reports as 
follows: 
"These are Cravenoceras sp., but there are a number of unusual 
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features, notably the raised umbilical rim and the marked hypo-
nomic sinus. A raised umbihcal r im is known in examples of com-
parable size in both C. leion and less definitely in C. malhamense, 
but these species do not show any hyponomic sinus. The only 
Cravenoceras examples seen which show any hyponomic sinus at 
this size (c. 8 mm.) is C. cowlingense f rom the same erratic block in 
Keighley churchyard which yielded the types of Anthracoceras 
cherryi Bisat. The ornament of the specimens is, apart f rom the 
sinus, very close to that of C. malhamense, and C. aff. malhamense 
(Bisat) would seem to be the best name for them unti l more is 
known about the Cravenoceras succession in E j times." 
Cravenoceras malhamense is the index fossil of the Ej^ Zone 
(Fig. 1) and the presence of C. aff. malhamense in the Lit t le Lime-
stone shales is certainly indicative of E, but the age cannot be 
more narrowly defined. C. malhamense differs from C. leion in 
having a smaller umbilicus and generally coarser transverse 
ornament (see Plate 22). Dimensions of six of the specimens of 
C. aff. malhamense from Swinhope Burn are given in Table I I . 
The shells are of cadicone form with wide umbilicus and broad 
venter (Plate 22, figs. 1-7). External ornament consists of dehcate, 
transverse striae, non-crenulate and non-dichotomizing, with a 
marked hyponomic sinus on the venter (Plate 22, fig. 2). The 
sutures are not well shown but the general outline can be made out 
in some of the specimens (Plate 22, fig. 3). 
Tylonautilus nodiferus (Armstrong), early mut., has been 
recorded from the Lit t le Limestone by Johnson and Dunham 
(1962) from Middle Tongue Beck, on the west side of Great Dun 
Fell, Westmorland. 
(h) Beds above the Lit t le Limestone Cyclothem 
Goniatite records are rare from the succession above the 
Lit t le Limestone Cyclothem in Northumberland and on the Alston 
Block. Records of E j age occurring high in the Upper Limestone 
Group refer to 'a specimen identified as Anthracoceras sp., of the 
A. discoides Bisat group, from the Thornborough Limestone of the 
South Tyne section at Wydon, Northumberland (Rayner, 1953, 
. p. 287) and to specimens of Tylonautilus nodiferus (Armstrong) 
S.S., from the Styford Shale of the Tj'ne Valley (Rayner, op. cit.). 
The goniatites reported by Shotton and Trotter (1936, p. 386) 
f rom a faulted block of Yoredale strata at Star Hows, Ardale 
Beck, below Cross Fell, have been re-examined in recent years and 
Mr. Bisat identifies them as Cravenoceras sp. nov. and Kazakhoceras 
[Neodimorphoceras] sp. (Johnson, 1959, p. 115, footnote); the 
specimens indicate an E age but the exact stratigraphical horizon of 
the beds is unknown. A single goniatite, identified as Cravenoceras 
sp., has been recorded from just below the Firestone Sill on Lit t le 
Dun Fell, Westmorland (Johnson and Dunham, 1962). 
356 G. A. L . JOHNSON, B . L . H O D G E AND E . A. F A I R B A I E N 
On the Askrigg Block of the Northern Pennines two important 
goniatite bearing horizons have been described by Dunham and 
Stubblefield (1945) and Wilson and Thompson (1959). High in E j 
the Colsterdale Marine Beds contain a goniatite fauna including 
Cravenoceratoides nitidus (Phillips) and Anthracoceras paucilobum 
(PhiUips), wi th Tylonautilus nodiferus s.s. Below this the CockhUl 
Marine Band contains Cravenoceras cowlingense Bisat, the index 
fossil for the Ej^ Zone, and this horizon has been traced to the 
northern margin of the Askrigg Block where i t occurs in Mirk Fell 
Gill and Brigstone Gill (Hudson, 1941; Wilson and Thompson, 
1959, p. 54). This marine band gives some evidence of the position 
of the base of the E2 succession on the Askrigg Block and according 
to Reading (1957, p. 31, fig. 2) this horizon (Mirk Fell Ironstone) 
is equivalent to the Coalcleugh Transgression Beds on the Alston 
Block to the north. On this evidence the E, Zone extends far 
above the top of the Lit t le Limestone Cyclothem but the upper 
l imi t of the zone must remain uncertain unt i l more goniatite 
evidence has been found in this part of the succession. 
V. C O E E E L A T I O N AND DISCUSSION 
The new records of Cravenoceras leion and C. aff. malhamense 
i n the succession above the Great Limestone of northern England 
show that the base of the Namurian must lie not far below. A 
highest Visean, P2;. age, fauna is known from the shales slightly 
above the top of the underlying Four Fathom Limestone (Fig. 1). 
There is thus between these two goniatite horizons some hundred 
and th i r ty feet of strata within which the Visean-Namurian 
junction must lie. There are two goniatite records within this 
series of beds—a single fragmentary specimen, identified by Dr. 
Ramsbottom as Wravenoceras sp. (Wilson, 1960, p. 297) in shales 
at about twenty feet above the Undersett ( = Four Fathom) 
Limestone at Downs Gill, Coverhead, and Eumorphoceras pseudo-
bilingue (Bisat), recorded f rom immediately below a limestone, 
believed to be the Main ( = Great) Limestone, on Fountains Fell, 
Yorkshire (Hudson, 1941, p. 269; Black, 1950, p. 39; Rayner, 
1953, p. 286). I n both cases these goniatites indicate Namurian 
age. Although great reliance cannot be placed on them owing to 
poor preservation in the former and uncertain stratigraphical 
position in the latter, these goniatite records give a strong 
indication that the base of the Namurian lies in the clastic 
succession between the Great and Four Fathom Limestones 
(Fig. 1). 
I t is customary to place the junction between the Millstone 
Grit and the Lower Carboniferous at the base of the Namurian, 
that is, the junction between the Upper and Lower Carboniferous, 
or at the nearest mapping horizon to this (p. 346). The base of the 
Namurian has been shown almost certainly to lie below the Great 
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Limestone and thus within the underlying clastic sequence, but 
in this succession no suitable mapping line exists. The nearest 
boundary is the base of the Great Limestone (Fig. 1) which can 
be traced throughout northern England and is regarded as one of 
the least diachronous stratal fines in this part of the Carboniferous 
succession. But this is contrary to the original interpretation of 
Phillips (1836) who placed the base of his Millstone Grit Series at 
the top of the Main ( = Great) Limestone. The top of the Great 
Limestone, however, is not regarded as a satisfactory stratigraphical 
boundary owing to the irregular development there of a fimestone-
shale alternation known as the Tumbler Beds. The thickness of the 
Great Limestone varies between about thirty-five feet in Northum-
berland and over eighty in Weardale. Recent detailed study of the 
Great Limestone Cyclothem by one of us (B.L.H.) has shown that 
there is considerable local variation in the thickness of the lime-
stone owing to the development of limestone bands within the over-
lying shale. I t seems probable that much of the highly fossUiferous 
shale overlying the Great Limestone in Northumberland is the 
lateral equivalent of the upper part of the Great Limestone of the 
Alston Block. I n this case the Cravenoceras leion horizon at Green-
leighton, Northumberland, may be contemporaneous with part of 
the Great Limestone to the south. These considerations support 
the view that the Great Limestone is of low Namurian age and 
suggest that the best mapping line for the base of the Millstone 
Gri t Series is the base of the hmestone. 
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DISCUSSION 
I n a written communication Professor T. S. W E S T O L L ex-
pressed his regret for his unavoidable absence but wished to 
congratulate Dr. Johnson and his colleagues on this valuable 
addition to our knowledge of the zonal framework of the Limestone 
Group of Northumbria. This paper adds new precision to the 
results of Dr. Johnson's careful collecting over some dozen years. 
Mr. Fairbairn's success in collecting so many specimens of 
Cravenoceras at Greenleighton is also the reward of remarkably 
persistent and careful efforts. The writer had identified as 
Cravenoceras a.S. leion group four of the specimens, collected by 
Mr. Fairbairn and now handed over to Dr. Johnson. The firm 
recognition of these zonal forms is of the greatest significance. 
Dr. D. H . R A Y N E E also congratulated Dr. Johnson and his 
co-authors for the valuable palaeontological records that had been 
described—another contribution to the extensive Carboniferous 
studies being pursued in the Department of Geology at Durham. 
I t was also clear that the goniatites had been found only after 
much patient search and this did apparently represent a real 
rarity of these fossils in the Yoredale facies, compared, for instance, 
with their local abundance at some levels in the Rowland Shales. 
Were there any salient characters in the accompanying fauna, 
or in the lithology of the goniatite-bearing rocks, that might 
indicate conditions of preservation, and throw light on this 
question of relative rarity? 
Professor K . C. DUNHAM said that his suggestion in 1948 that 
the base of the Namurian would be found near the position of the 
Great Limestone was to be regarded as an expression of prejudice 
rather than prophecy. He was very pleased that the authors had 
succeeded in obtaining new critical evidence on the exact position 
but he wished to enquire whether the shales f rom which the 
C. leion came were regarded as above the Great Limestone or 
whether there was evidence to show that they were the equivalent 
of the upper part of that limestone as developed in the Northern 
Pennines. 
Dr. J. S H I E L E Y commented upon the interest of this com-
munication to those working on the shelly faunas of this part of 
the Carboniferous. Thanks to the work of Dr. Johnson and his 
colleagues upon the goniatites i t was now certain that the Great 
Limestone provided the earliest exactly dated Namurian brachio-
pod-coral fauna and, since the goniatites are so rare in this 
facies, close study of the fauna should provide a basis for recogni-
tion of this important horizon where the goniatites fai l . 
Dr. A. W. WOODLAND congratulated the authors on an in-
valuable compilation of all the known data relating to the 
Namurian-Visean boundary in the north of England. The dis-
covery of well-preserved specimens of Cravenoceras leion from a 
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position not far above the Great Limestone was a great step 
forward, This problem of the base of the Millstone Grit was one 
which was exercising the minds of the Geological Survey in the 
north of England, since work was now proceeding in areas where 
these rocks cropped out. I t was interesting to note that as far 
back as 1884 J . R. Dakyns was writing from Penrith to his 
superiors pleading for PhiUips' fine at the top of the Main Lime-
stone to be accepted as the base of the MiUstone Grit on the 
Geological Survey's maps of northern England. This was turned 
down and i t was not unt i l 1959 with the publication of the SoHd 
Edition of the Cockermouth Sheet that this boundary Une was 
re-aflSrmed. I n view of this the speaker wondered whether there 
was, at present, a clear justification for taking the base of the 
Great Limestone as the dividing Une between the two formations. 
The C. leion at Greenleighton came from a position which may be 
construed as lying one or two minor cyclothems above the Great 
Limestone if comparison be made with other recently described 
sections, on the Alston Block for example, where minor cycles are 
present between the Great and Lit t le Umestones. Furthermore 
no great weight can yet be placed on the occurrence of Cravenoceras 
below the Great; The specimens collected from about twenty feet 
above the Undersett Limestone by Wilson (1960, p. 297) were 
identified as ICravenoceras and some uncertainty surrounds the 
exact location of those reported from Fountains PeU. 
The A u T H O E S in reply thanked Professor WestoU for his 
support for their findings. Goniatites do form a rare element in 
the faunas of Yoredale facies compared to other groups of marine 
fossUa as Dr. Rayner pointed out. They are not restricted to any 
particular Uthology and can occur in limestone, calcareous shale 
or ferruginous shale but seem to be most commonly present in 
black pyritic mudstone. Dr. Johnson stressed that the scarcity of 
Yoredale goniatites referred actually to specimens capable of 
reliable identification; fragmentary goniatites were far more 
common. The abundant evidence of shaUow water conditions in 
Yoredale deposits seems to explain why fragile sheUs, including 
goniatites, are found broken and dispersed in the rock (Johnson, 
1960). 
Wi th regard to the sheUy faunas in the vicinity of the Great 
Limestone, mentioned by Dr. Shirley, extensive coUections have 
been made f rom these beds. The faunas are most interesting and 
the authors hope that some account of them wi l l appear in due 
course. 
I n reply to Professor Dunham and Dr. Woodland, Mr. Hodge 
said that he was just completing a detailed examination of the 
Great Limestone Cyclothem over a large part of northern England 
which had shown that the thickness of the Great Limestone varied 
considerably. I n particular the top of the Umestone is very 
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variable, owing to the development of a limestone-shale alterna-
tion. Further, it seemed clear that the upper part of the limestone 
in some places is equivalent laterally to calcareous shales above 
the Hmestone elsewhere. The goniatites found at Greenleighton 
he within the richly fossihferous shales, above the hmestone, that 
are regarded as equivalent to the upper part of the Great Limestone 
of Weardale. Thus unfortunately the top of the Great Limestone 
is not a satisfactory time-line in northern England. Owing to this, 
and taking in account all the known goniatite evidence—albeit 
uncertain as Dr. Woodland stressed—the authors felt it advisable 
to take the base of the hmestone as the base of the MiUstone Grit. 
This is regarded as one of the least diachronous boundaries close 
to the base of the Namurian. 
E X P L A N A T I O N OF P L A T E 22 
Cravenoceras aff. malhamense (Bisat) 
Shales fourteen feet above the Little Limestone, Upper Limestone Group, 
Namuriau, E j Zone. Swinhope Bum, one hundred yards downstream from 
Swinhopehead reservoir. 
F I G S . 1, 2.—Lateral and ventral views of uncrushed specimen showing the 
wide umbilicus and marked hyponomic sinus, GSL. LZ 3410, x 5. 
F I G S . 3, 4.—Lateral and ventral views of a latex cast made from a natural 
external mould showing the sutures, GSL. LZ 3408, X 5. 
F I G S . 5, 6.—Oblique and ventral views of a small specimen showing the raised 
umbilical rim, marked constrictions and the hyponomic sinus, 
GSL. LZ 3411, x5. 
F I G . 7.—Lateral view showing ornament and umbilical rim, GSL. LZ 3409, 
X 5 . 
Cravenoceras sp. ' 
Shales about three feet above the Little Limestone, Upper Limestone Group, 
Namurian, E i Zone. Swinhope mine boring No. 3 (see Dunham and Johnson, 
1962, pi. 17). 
F I G . 8.—Fragment of broken shell showing part of the umbilicus and flanks, 
X5. 
Oravenoceras leion Bisat 
Shales approximately twelve feet above the top of the Great Limestone, 
Namurian, E i Zone. Greenleighton quarry, nine miles NNW. of Belsay, 
Northumberland. 
F I G . 9.—Lateral view, GSL. LZ 3406, x 3 -5. 
F I G . 10.—Same specimen, internal whorls photographed under liquid to 
show the sutures, x 3 -5. 
F I G . 11.—Same specimen, ventral view of internal whorls showing ornament 
with very slight hyponomic sinus, x3-5. 
F I G . 12.—Same specimen, lateral view of the internal whorls, x 3-5. 
F I G S . 13, 14.—Ventral and lateral views of a slightly crushed specimen 
showing external ornament, GSL. LZ 3407, x 3-5. 
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